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FIELD OF USE 

[0001] This invention relates to the configuration and 
manufacture of light -emitting devices suitable for use in flat- 
panel displays such as flat-panel cathode-ray tube ("CRT") 
displays . 

BACKGROUND ART 

[0002] A flat-panel display CRT display typically consists of an 
electron-emitting device and an oppositely situated light- 
emitting device. The electron-emitting device, or cathode, 
contains electron-emissive elements that emit electrons across a 
relatively wide area. An anode in the light-emitting device 
attracts the electrons toward light -emissive regions distributed 
across a corresponding area in the light -emitting device. The 
anode can be located above or below the light -emissive regions. 
In either case, the light-emissive regions emit light upon being 
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struck by the electrons to produce an image on the display's 
viewing surface . 

[0003] Fig. 1 presents a side cross section of part of a 
conventional flat-panel CRT display such as that described in 
U.S. Patent 5,859,502 or 6,049,165. The display of Fig. 1 is 
formed with electron-emitting device 20 and light -emitting 
device 22. Electron-emitting device 20 contains backplate 24 
and overlying electron-emissive regions 26. Electrons emitted 
by regions 2 6 travel toward light -emitting device 22 under 
control of electron-focusing system 28. Item 30 represents an 
electron trajectory. 

[0004] Light -emitting device 22 contains faceplate 32 coupled to 
electron-emitting device 2 0 through an outer wall (not shown) to 
form a sealed enclosure maintained at a high vacuum. Light - 
emissive regions 34 overlie faceplate 32 respectively opposite 
electron-emissive regions 26. When electrons emitted by regions 
26 strike light -emissive regions 34, the light emitted by 
regions 34 produces the display's image on the exterior surface 

(lower surface in Fig. 1) of light-emitting device 22. 
Contrast -enhancing black matrix 36 laterally surrounds light - 
emissive regions 34 . 

[0005] Light -emitting device 22 also contains light-reflective 
layer 38 situated over light -emissive regions 34 and black 
matrix 36. Regions 34 emit light in all directions when struck 
by electrons. Hence, some of the so-emitted light travels 
backward toward the interior of the display. Layer 3 8 reflects 
some of that rear-directed light forward to increase the 
intensity of the image. In addition, layer 3 8 functions as the 
display 's anode for attracting electrons toward light-emitting 
device 22 . 
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[0006] The electrons emitted by regions 2 6 pass through light- 
reflective layer 38 before striking light -emissive regions 94. 
In so doing, the electrons lose some energy. The image 
intensity increase resulting from the light -reflective nature of 
layer 38 at least partially compensates for any image intensity 
decrease caused by this electron energy loss. Nonetheless, it 
would be desirable to further improve the image intensity in a 
light-emitting device whose anode overlies the device's light- 
emitting regions. 

[0007] Each light -emitting region in a light -emitting device 
such as that of Fig. 1 normally consists of light -emissive 
particles formed with phosphor material. The constituents of 
the phosphor particles commonly include elements such as sulfur 
or/and oxygen. When the light -emissive particles are struck by 
electrons, some of the sulfur or/and oxygen is commonly released 
in gaseous form into the interior of the display. The so- 
released gases can contaminate the display and cause it to 
degrade . 

[0008] Petersen et al ("Peterson"), U.S. Patent 5,844,361, 
addresses the problem of outgassing from phosphor particles in a 
light-emitting device of a flat-panel CRT display by chemically 
treating the outer particle surfaces in a way intended to reduce 
undesired outgassing. Figs. 2 and 3 depict two examples of 
Petersen's approach in which light -emissive regions overlie 
transparent substrate 40. Each light -emissive region consists 
of a layer of phosphor particles 42. 

[0009] One coating 44 fully surrounds each phosphor particle 42 
in the example of Fig. 2. Coatings 44 can alter the surface 
chemistry of particles 42 in such a way that they are more 
thermodynamically resistant to outgassing. Alternatively, 
coatings 44 can simply be impervious encapsulants that 
substantially prevent any contaminant gases produced by 
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particles 42 from entering the display's interior. In either 
case, coatings 44 are provided on particles 42 before they are 
deposited over substrate 40. The display's anode is formed with 
aluminum layer 46 provided above composite particles 42/44. 

[0010] In the example of Fig. 3, coatings 48 of stable oxide are 
provided on particles 42 after they are deposited on substrate 
40. Each coating 48 conformally covers an upper portion of the 
outer surface of one particle 42. Coatings 48, typically formed 
by chemical vapor deposition of silane, disiloxane, or tetra- 
ethyl-orthosilicate, are more thermodynamically resistant to 
outgassing than are particles 42. Petersen indicates that the 
display's anode in the example of Fig. 3 can be formed with a 
conductive layer analogous to aluminum layer 46. 

[0011] Providing phosphor particles 42 with full coatings 44 
before particles 42 are deposited on substrate 40 in the example 
of Fig. 2 raises concerns that coatings 44 may be damaged during 
the deposition of particles 42. Also, full coatings 44 may 
detrimentally affect the formation of the light -emissive regions 
by absorbing radiation typically utilized in defining the light- 
emissive regions. Petersen avoids this difficulty with the 
example of Fig. 3 where partial coatings 48 are deposited on 
particles 42 after they are deposited on substrate 40. However, 
Petersen only discloses that coatings 48 may consist of oxide. 
Petersen does not deal with improving the image intensity. 



GENERAL DISCLOSURE OF THE INVENTION 

[0012] The present invention furnishes a light -emitting device 
in which a light-emissive region formed with a plurality of 
light-emissive particles overlies light -transmissive material of 
a plate. The light -emitting device of the invention is suitable 
for use in a flat-panel display, especially a flat-panel CRT 
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display in which an electron-emitting device is situated 
opposite the light -emitting device. The electron-emitting 
device emits electrons which strike the light -emissive region, 
causing it to emit light. 

[0013] The light-emissive particles in light -emissive region of 
the present light -emitting device are provided with coatings 
that perform various functions. In some cases, the particle 
coatings enable the intensity of light that travels generally in 
the forward direction to be enhanced, especially when the light- 
emitting device contains a light -reflective layer situated over 
the coatings. Alternatively or additionally, the particle 
coatings may cause the optical contrast to be enhanced between 
two such light -emissive regions when one of the light -emissive 
regions is turned on (emitting light) and the other is turned 
off (not emitting light) . The coatings may getter contaminant 
gases. The coatings also typically reduce damaging effects that 
occur as the result of electrons striking the light -emissive 
particles . 

[0014] Depending on the function or functions to be performed by 
the particle-coating material, each light -emissive particle may 
have two or more of the present coatings. In any event, each 
coating covers only part of the outer surface of the underlying 
particle in such a way as to be spaced apart from where that 
particle is closest to the plate. By configuring the coatings 
in this way, the coatings can be provided over the particles 
after they are provided over the plate, thereby avoiding 
difficulties that arise when light -emissive particles are 
provided with coatings before the particles are provided over a 
plate . 

[0015] The light-emissive particles normally emit light in 
substantially all directions. Part of the emitted light travels 
generally forward, including partially sideways, toward the 
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plate and passes through it. Part of the emitted light travels 
generally backward, likewise including partially sideways, away 
from the plate. 

[0016] In a first aspect of the invention, each light -emissive 
particle is covered with a light -reflective coating positioned 
in the manner indicated above to conformally cover part of the 
particle's outer surface. As a result, the particle coatings 
reflect forward some of the initially rear-directed light 
emitted by the particles. While the light -reflective layer 
normally situated over the particles above the light -reflective 
coatings performs generally the same function as the light- 
reflective particles, the combination of the light-reflective 
coatings and the light-reflective layer causes more light to be 
directed forward than would be achieved solely with the light- 
reflective layer. Hence, usage of the light -reflective coatings 
enables the light intensity to be increased in the forward 
direction. 

[0017] The coatings are typically made light reflective by 
forming them from one or more of the metals beryllium, boron, 
magnesium, aluminum, chromium, manganese, iron, cobalt, nickel, 
copper, gallium, molybdenum, palladium, silver, indium, 
platinum, thallium, and lead, including alloys of one or more of 
these metals. Boron, aluminum, gallium, indium, and thallium, 
all of which fall into Group IIIB of the Periodic Table, are 
attractive for the light-reflective coatings because none of 
these five metals is an electron donor. Silver and copper are 
attractive because they are substitutional species in metal 
sulfide phosphors suitable for implementing the light -emissive 
particles to respectively emit blue and green light. 

[0018] In a second aspect of the invention, each light-emissive 
particle is partially covered in the preceding manner with a 
getter coating for sorbing (adsorbing or absorbing) contaminant 
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gases. If the light-emissive particles produce contaminant 
gases as a result of being struck by electrons or/and other 
charged particles, the getter coatings can sorb the so-produced 
gases before they move away from the particles and cause damage 
elsewhere. When the light-reflective layer overlies the getter 
coatings, the light -reflective layer is normally perforated. 
Contaminant gases originating at locations away from the light - 
emissive region can thus pass through the light-reflective layer 
and be sorbed by the getter coatings. 

[0019] The getter coatings are typically formed with one or more 
of the metals magnesium, chromium, manganese, iron, cobalt, 
nickel, copper, molybdenum, palladium, silver, platinum, and 
lead, including alloys of one or more of these metals. All 
twelve of these metals are particularly suitable for sorbing 
sulfur. Alternatively or additionally, the getter coatings can 
be formed with one or more of the metals titanium, vanadium, 
zirconium, niobium, barium, tantalum, tungsten, and thorium, 
including alloys of these additional eight metals. When the 
getter coatings are formed with one or more of the preceding 
twenty metals, the getter coatings may also be light-reflective 
for enhancing the light intensity in the forward direction as 
described above. Furthermore, the getter coatings can 
alternatively or additionally be formed with oxide of one or 
more of magnesium, chromium, manganese, cobalt, nickel, and 
lead, each of which is particularly suitable for sorbing sulfur. 

[0020] In a third aspect of the invention, part of the outer 
surface of each light -emissive particle is conformally covered 
with multiple intensity-enhancement coatings. The number of 
intensity-enhancement coatings overlying each particle is, for 
convenience, designated here as plural integer m. The m 
coatings overlying each particle are similarly designated as the 
first coating through the mth coating, where the first coating 
is the nearest coating, i.e., the coating directly overlying the 
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particle. Each ith coating overlies each (i-l)th coating where 
i is an integer varying from 2 to m. Hence, the mth coating is 
the furthest, i.e., most remote, coating. A light-reflective 
layer normally overlies the intensity-enhancement coatings. 

[0021] Each first coating is of lower average refractive index 
than the underlying particle. Each ith coating, where i again 
varies from 2 to m, is of lower refractive index than the (i- 
l)th coating. In other words, the average refractive index 
decreases progressively in going from each particle to its 
nearest coating and then from its nearest coating to its 
furthest coating . 

[0022] Light incident on an interface between a pair of light - 
transmissive media having different refractive indices is 
partially reflected at the interface and partially transmitted 
through the interface. With this in mind, the benefit of having 
the average refractive index decrease progressively in going 
from each particle to its nearest coating and then from its 
nearest coating to its furthest coating can be seen by 
considering the three-medium situation in which light travelling 
in a first medium is partially reflected and partially 
transmitted at an interface between the first medium and a 
second medium of lower refractive index, and the partially 
transmitted light travelling in the second medium is then 
partially reflected and partially transmitted at an interface 
between the second medium and a third medium of even lower 
refractive index. 

[0023] The intensity of light reflection at an interface between 
two light-transmissive media varies with their refractive 
indices in such a way that, ignoring light absorption, the total 
fraction of light transmitted through both interfaces in the 
three-medium situation is greater than the fraction of light 
that would be transmitted through an interface between the two 
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media having the highest and lowest refractive indices. In 
other words, placing a light- transmissive medium having an 
intermediate refractive index between two other light - 
transmissive media enables more light to be transmitted from the 
medium having the highest refractive index to the medium having 
the lowest refractive index than would occur if the media having 
the highest and lowest indices directly adjoined each other. 

[0024] In view of the foregoing interface optics , arranging for 
the m coatings overlying each particle to have the above- 
described positional and refractive-index characteristics 
enables more light travelling backward and partially sideways to 
escape each particle and its coatings than would escape that 
particle in the absence of the coatings. Part of the light that 
escapes the particles travelling backward, including partially 
sideways, strikes the light -reflective layer in such a way as to 
be reflected generally forward to the sides of the particles . 
Accordingly, the intensity of emitted light is enhanced in the 
forward direction. 

[0025] In a fourth aspect of the invention, part of the outer 
surface of each light -emissive particle is conformally covered 
with an intensity-enhancement coating of lower average 
refractive index than that particle. A contrast -enhancement 
layer, which appears dark as seen through the plate from 
opposite the light -emissive region, overlies the intensity 
enhancement coatings. The contrast -enhancement layer is 
typically divided into multiple contrast -enhancement coatings, 
each generally conformally overlying a corresponding one of the 
intensity-enhancement coatings. Once again, a light-reflective 
layer normally overlies the coatings. 

[0026] The contrast -enhancement layer absorbs ambient light 
which impinges on the front of the light -emitting device and 
passes through the plate, the light-emissive particles, and the 
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intensity- enhancement coatings. As a result, the contrast- 
enhancement layer improves the optical contrast between times 
when the light -emissive region is turned on and times when it is 
turned off. Hence, an improvement is achieved in the optical 
contrast between two such light -emissive regions during periods 
when one is turned on and the other is turned off. 

[0027] The intensity-enhancement coatings in this aspect of the 
invention function generally the same as in the previous aspect 
of the invention to enable more backward-travelling light to 
escape the light -emissive particles and coatings than would 
escape the particles if the intensity-enhancement coatings were 
absent. Although the contrast -enhancement layer normally 
absorbs part of this backward- travelling light, the light- 
reflective layer reflects more backward- travel ling light forward 
than would occur in the absence of intensity-enhancement 
coatings. The overall visibility of the image produced by 
multiple ones of the light -emissive regions is improved. 

[0028] In a fifth aspect of the invention, each light -emissive 
particle is again partially covered with a conformal intensity- 
enhancement coating of lower average refractive index than that 
particle. A light-reflective coating similarly covers each 
intensity-enhancement coating. The intensity- enhancement 
coatings again enable more rear-directed light to escape the 
light-emissive particles and intensity-enhancement coatings than 
would escape the particles in the absence of the coatings. The 
light-reflective coatings reflect part of this increased amount 
of rear-directed light forward. When, as is typically the case, 
a light-reflective layer overlies the light-reflective coatings, 
the combination of the light-reflective coatings and the light- 
reflective layer enables more of the rear-directed light to be 
reflected forward than would be attained solely with the light- 
reflective layer. The light intensity in the forward direction 
is improved . 
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[0029] In a sixth aspect of the invention, part of the outer 
surface of each light -emissive particle is conformally covered 
with a contrast -enhancement coating without any intervening 
intensity-enhancement coating. The contrast -enhancement 
coatings appear dark as seen through the plate from opposite the 
light -emissive region. Each contrast -enhancement coating 
typically consists of multiple portions spaced apart from each 
other. Similar to the contrast -enhancement layer mentioned 
above, the contrast -enhancement coatings improve the optical 
contrast between times when the light-emissive region is turned 
on and when it is turned off. Consequently, the optical 
contrast is improved between two such light -emissive regions 
during periods when one is turned on and the other is turned 
off. 

[0030] The particle coatings are located between the layer of 
light -emissive particles and the accompanying electron-emitting 
device in all six of the foregoing aspects of the invention. 
Although the coatings only partially cover the outer surfaces of 
the particles, the vast majority of the electrons emitted by the 
electron-emitting device strike the coatings before reaching the 
underlying light -emissive material of the particles. The 
particle coatings normally consist of material that does not 
become significantly volatile when struck by the electrons. 
Consequently, the particle coatings themselves normally do not 
pose significant contamination problems. 

[0031] At the same time, the particle coatings reduce damaging 
effects, such as particle erosion and undesired outgassing, that 
arise when electrons strike the particles. Both performance and 
lifetime are improved. In fact, when the coatings contain one 
or more of the metals prescribed above for the light-reflective 
coatings in the first aspect of the invention, the preceding 
advantages can be achieved even though the coatings are 
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insufficient, e.g., too thin, to provide significant light 
reflection. 

[0032] Manufacture of a light-emitting device in accordance with 
the invention entails providing a layer of light -emissive 
particles over light -transmissive material of a plate to form a 
light -emissive region. The coatings are subsequently provided 
over the particles to provide one or more of the functions 
described above. When a light-reflective layer is to be 
included in the light -emitting device, the light -reflective 
layer is formed over the coatings. 

[0033] In short, a light-emitting device configured and 
manufactured according to the invention has improved performance 
and increased lifetime. The present light -emitting device can 
readily be manufactured in a large scale production environment. 
By providing the particles with the present coatings after the 
particles have been provided over the plate, the invention 
avoids concerns, such as damaging the particle coatings, that 
can arise when pre-coated particles are deposited over a plate. 
Accordingly, the invention provides a substantial advance over 
the prior art . 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Fig. 1 is a cross-sectional side view of part of the 
active region of a conventional flat -panel CRT display. 

[0035] Figs. 2 and 3 are cross-sectional side views of parts of 
the active portions of two embodiments of a light-emitting 
device of a conventional flat-panel CRT display. 

[0036] Fig. 4 is a cross-sectional side view of part of the 
active region of a flat-panel CRT display having a light- 
emitting device configured according to the invention. 
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[0037] Fig. 5 is a cross-sectional plan view of part of the 
active region of the flat-panel CRT display, specifically the 
light -emit ting device, of Fig. 4. The cross section of Fig. 4 
is taken along plane 4-4 in Fig. 5. The cross section of Fig. 5 
is taken along plane 5-5 in Fig. 4. 

[0038] Figs. 6a - 6e are cross-sectional side views representing 
steps in fabricating the light -emit ting device of Figs. 4 and 5 
according to the invention. 

[0039] Fig. 7 is a cross-sectional side view of part of the 
active region of another flat -panel CRT display having a light - 
emitting device configured according to the invention. 

[0040] Fig. 8 is a cross-sectional side view of part of the 
active portion of an implementation of the light -emit ting device 
of Fig. 7. 

[0041] Figs. 9a - 9e are cross-sectional side views representing 
steps in fabricating the general light -emitting device of Fig. 7 
according to the invention starting from the stage of Fig. 6b. 

[0042] Figs. 10a - 10 j are cross-sectional side views 
representing steps in fabricating the implementation of Fig. 8 
according to the invention. 

[0043] Fig. 11 is a cross-sectional side view of part of the 
active region of a further flat -panel CRT display having a 
light -emitting device configured according to the invention. 

[0044] Fig. 12 is a cross-sectional side view of part of the 
active portion of an implementation of the light -emit ting device 
of Fig. 11. 

[0045] Figs. 13a - 13e are cross-sectional side views 
representing steps in fabricating the general light-emitting 
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device of Fig. 11 according to the invention starting from the 
stage of Fig. 6b. 

[0046] Figs. 14a - 14e are cross-sectional side views 
representing steps in fabricating the implementation of Fig. 12 
according to the invention starting from the stage of Fig. lOf . 

[0047] Fig. 15 is a cross-sectional side view of the active 
portion of a light-emitting device configured according to the 
invention and substitutable for the light -emitting device of 
Fig. 11. 

[0048] Fig. 16 is a cross-sectional side view of the active 
portion of a light -emitting device configured according to the 
invention and substitutable for the implementation of Fig. 12. 

[0049] Fig. 17 is a cross-sectional side view of the active 
portion of yet another light -emit ting device configured 
according to the invention. 

[0050] Fig. 18 is a cross-sectional side view of the active 
portion of an implementation of the light -emitting device of 
Fig. 17. 

[0051] Like reference symbols are employed in the drawings and 
in the description of the preferred embodiments to represent the 
same, or very similar, item or items. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
General Cons i derat ions 

[0052] Various configurations are described below for flat-panel 
CRT displays having light -emit ting devices configured according 
to the invention. Each flat -panel CRT display is typically 
suitable for a flat-panel television or a flat-panel video 
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monitor for a personal computer, a laptop computer, a 
workstation, or a hand-held device such as a personal digital 
assistant . 

[0053] Each of the present flat -panel CRT displays is typically 
a color display but can be a monochrome, e.g., black-and-green 
or black-and-white, display. Each light -emissive region and the 
corresponding oppositely positioned electron-emissive region 
form a pixel in a monochrome display, and a sub-pixel in a color 
display. A color pixel typically consists of three sub-pixels, 
one for red, another for green, and the third for blue. 

[0054] In the following description, the term "electrically 
insulating" or "dielectric" generally applies to materials 
having a resistivity greater than 10 10 ohm-cm. The term 
"electrically non- insulating" thus refers to materials having a 
resistivity of no more than 10 10 ohm-cm. Electrically non- 
insulating materials are divided into (a) electrically 
conductive materials for which the resistivity is less than 1 
ohm-cm and (b) electrically resistive materials for which the 
resistivity is in the range of 1 ohm-cm to 10 10 ohm-cm. These 
categories are determined at an electric field of no more than 
10 volts/jam. 

[0055] Electrophoretic deposition and dielectrophoretic 
deposition are sometimes grouped together as "electrophoretic 
deposition". The term "electrophoretic/dielectrophoretic 
deposition" is utilized here to emphasize that such deposition 
occurs by one or both of electrophoresis and dielectrophoresis . 

[0056] A light -emissive phosphor particle whose outer surface is 
partially conformally covered with one of the present coatings 
is sometimes referred to here as a "coated" phosphor particle or 
simply a "coated" particle. In a light -emissive region having 
such coated phosphor particles, any light-emissive phosphor 
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particle whose outer surface is nowhere conformally covered with 
one or more of the present coatings is sometimes referred to 
here as an "uncoated" phosphor particle or simply an "uncoated" 
particle . 

[0057] As described below, each light -emissive region in the 
light -emitting devices of the invention contains multiple light - 
emissive phosphor particles. A particle coating conformally 
covers part of the outer surface of each of certain of the 
phosphor particles in each light -emissive region. One or more 
other particle coatings may be situated over the first -mentioned 
particle coating on each coated particle. The particle coatings 
which overlie phosphor particles in each light -emissive region 
and which have largely the same vertical relationships to any 
other particle coatings overlying phosphor particles in that 
light -emissive region form a group of particle coatings for that 
light -emissive region. 

[0058] The particle coatings in such a group of particle 
coatings for each light -emissive region may variously 
interconnect to one another depending on factors such as the 
spatial relationship of the light -emissive particles to one 
another in that light -emissive region and on how those particle 
coatings are formed. In other words, one or more particles 
coatings in a group of particle coatings for each light -emissive 
region may contact one or more other particles coatings in that 
particle coating group. The particle coatings in a group of 
particle coatings for each light-emissive region then form a 
particle coating layer which 'may be a continuous, i.e., single, 
piece of the particle coating material or may consist of 
multiple spaced-apart portions of the particle coating material. 
In either case, gaps are normally present in the particle 
coating layer above spaces between the phosphor particles and 
may be present at other locations depending on the spatial 
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relationship of the phosphor particles to one another in each 
light -emissive region . 

[0059] Each particle coating in a group of particle coatings for 
each light -emissive region can, in some cases, be spaced apart 
from each other particle coating in that group of particle 
coatings. In any event, each particle coating in a group of 
particle coatings for each light -emissive region in one of the 
present light-emitting devices is normally spaced apart from 
each particle coating in a corresponding group of particle 
coatings for each other light -emissive region in that light - 
emitting device. 

Light-reflective or/and Getter Coatings 

[0060] Figs. 4 and 5 respectively illustrate side and plan-view 
cross sections of part of the active region of a flat -panel CRT 
display having an electron-emitting device 50 and an oppositely 
situated light -emitting device 52 configured according to the 
invention for enhancing image intensity. Devices 50 and 52 are 
connected together through an outer wall (not shown) to form a 
sealed enclosure maintained at a high vacuum, typically an 
internal pressure of no more than 10~ 6 torr. The plan-view cross 
section of Fig. 5 is taken in the direction of light-emitting 
device 52 along a plane extending laterally through the sealed 
enclosure. Hence, Fig. 5 largely presents a plan view of part 
of the active portion of device 52 . 

[0061] In addition to devices 50 and 52, the flat-panel display 
of Figs. 4 and 5 normally includes a group of internal supports, 
referred to as spacers, which prevent external forces, such as 
the typical external -to- internal pressure differential of 
approximately 1 atm, from collapsing the display. The spacers 
also maintain a uniform spacing between devices 50 and 52. The 
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spacers are typically shaped generally like flat walls, but can 
have other shapes such as posts. Item 54 in Fig. 5 indicates 
the location for a typical spacer wall. 

[0062] Electron-emitting device, or backplate structure, 50 is 
formed with a generally flat electrically insulating backplate 
5 6 and a group of layers and regions situated over the interior 
surface of backplate 56. These layers/regions include a two- 
dimensional array of rows and columns of laterally separated 
electron-emissive regions 58. Each electron-emissive region 58 
consists of one or more electron-emissive elements (not 
separately shown) which emit electrons that are directed toward 
light-emitting device 52. The layers/regions also include an 
electron-focusing system 60 which extends vertically beyond 
electron-emissive regions and focuses electrons emitted by 
regions 5 6 on corresponding target areas of light -emitting 
device 52. Item 62 represents the trajectory of one of these 
electrons . 

[0063] Electron-emitting device 50 typically operates according 
to field emission. In that case, each electron-emissive region 
58 emits electrons in response to a suitable electrical 
potential. Examples of field-emission electron-emitting 
structures suitable for implementing device 50 are described in 
U.S. Patent 6,049,165. Device 50 may, nonetheless, emit 
electrons according to another technique such as thermal 
emission. 

[0064] Light-emitting device, or faceplate structure, 52 is 
formed with a generally flat electrically insulating faceplate 
64 and a group of layers and regions situated over the interior 
surface of faceplate 64. Faceplate 64 is transparent, i.e., 
generally transmissive of visible light, at least where visible 
light is intended to pass through faceplate 64 to produce an 
image on the exterior surface (lower surface in Fig. 4) of 
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faceplate 64 at the front of the display. Faceplate 64 
typically consists of glass. The layers/regions overlying 
faceplate 64 include a two-dimensional array of rows and columns 
of light -emissive regions 66, a patterned light -blocking region 
68, and a light-reflective layer 70. 

[0065] Light -emissive regions 66 and light -blocking region 68 
lie directly on faceplate 64. Light-emissive regions 66 are 
situated in openings extending through light -blocking region 68 
at locations respectively opposite electron-emissive regions 58. 
Faceplate 64 is transmissive of visible light at least below 
light-emissive regions 66. In a color implementation of the 
display, three consecutive regions 66 in a row emit light of 
three different colors, normally red, blue, and green, when 
struck by electrons emitted from regions 58. Light-reflective 
layer 70 lies over light -emissive regions 66 and light -blocking 
region 68. 

[0066] Light -blocking region 68 is generally non- transmissive of 
visible light. More particularly, region 68 largely absorbs 
visible light which impinges on the exterior surface of 
faceplate 64 at the front of the display, passes through 
faceplate 64, and then impinges on region 68. As viewed from 
the front of the display through faceplate 64, region 68 is 
dark, largely black. For this reason, region 68 often referred 
to here as a "black matrix" . Also, black matrix 68 is largely 
non-emissive of light when struck by electrons emitted from 
electron-emissive regions 58. The preceding characteristics 
enable matrix 68 to enhance the image contrast. 

[0067] Black matrix 68 consists of one or more layers or 
regions, each of which may be electrically insulating, 
electrically resistive, or electrically conductive. Only part 
of the thickness of matrix 68 may consist of dark material that 
absorbs visible light. The dark portion of the thickness of 
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matrix 68 can adjoin, or be vertically separated from, faceplate 
64. 

[0068] In the exemplary display of Figs. 4 and 5, black matrix 
58 is thicker (or taller) than light -emissive regions 66 and 
preferably includes electrically insulating material that 
contacts light-reflective layer 70. As described further below, 
electrons emitted by regions 58 in electron-emitting device 50 
pass through layer 70 and strike light -emissive regions 66, 
causing them to emit light in all directions. Some of the 
electrons which strike regions 56 are scattered backward off 
regions 66 rather than causing regions 66 to emit light. Black 
matrix 68 collects some of these backscattered electrons and 
thereby prevents the so-collected electrons from striking non- 
intended ones of regions 66 and causing image degradation. By 
having matrix 68 extend vertically beyond regions 66, the 
ability of matrix 68 to collect backscattered electrons is 
enhanced. 

[0069] Alternatively, black matrix 68 can be thinner (shorter) 
than light-emissive region 66. In that case, black matrix 68 
preferably includes electrically conductive material that 
contacts light-reflective layer 70. 

[0070] Light-reflective layer 70, by itself or in combination 
with black matrix 68 when matrix 68 consists of electrically 
conductive material, normally serves as the anode for the flat- 
panel display. As such, layer 70 contains electrically non- 
insulating material, normally electrically conductive material. 
A selected anode electrical potential, typically in the vicinity 
of 500 - 10,000 volts is applied to the electrically non- 
insulating material of layer 70 from a suitable voltage source 

(not shown) during display operation. As discussed further 
below, layer 70 enhances the light intensity of the display's 
image by reflecting forward some of the rear-directed light 
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emitted by regions 66. Although layer 70 is illustrated as a 
blanket layer in Fig. 4, layer 70 is typically perforated by 
microscopic pores situated at substantially random locations. 
Layer 70 typically consists of aluminum, or an aluminum alloy, 
having a thickness of 30 - 150 nm, typically 70 nm. 

[0071] Returning to light-emissive regions 66, each region 66 
consists of multiple light -emissive phosphor particles 72 
distributed generally randomly over faceplate 64. The average 
thickness of light-emissive regions 66 is typically greater than 
a monolayer (a one-particle-thick layer of particles packed as 
closely together as possible), e.g., 1.5 monolayers, and up to 3 
monolayers or more, but can be less than a monolayer. Phosphor 
particles 72 are roughly spherical in shape and vary somewhat in 
diameter from one to another. As used here, the diameter of a 
particle 72 is the diameter of a perfect sphere which occupies 
the same volume as that particle 72 . The mean diameter of 
particles 72 is 1 - 15 p,m, typically 5 jim. At the typical mean 
diameter of 5 |im, the coefficient of quartile deviation in the 
mean particle diameter is typically 0.2 - 0.3. 

[0072] Phosphor particles 72 can be constituted in various ways. 
Preferably, particles 72 are metal sulfide phosphors, including 
metal oxysulfide phosphors. In a color implementation of the 
flat-panel display of Figs. 4 and 5, each particle 72 which 
emits red light is typically a Y 2 0 2 S:Eu phosphor in which yttrium 
in an yttrium oxysulfide host crystal is substituted at some 
locations with europium. Each particle 72 which emits blue 
light is typically a ZnS:Ag,Al phosphor in which zinc in a zinc 
sulfide host crystal is substituted at some locations with 
silver and aluminum. Each particle 72 which emits green light 
is typically a 2nS:Cu,Al phosphor in which zinc in a zinc 
sulfide host crystal is substituted at some locations with 
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copper and aluminum. Alternatively, particles 72 can be metal 
oxide phosphors or strontium thiogallate phosphors. 

[0073] Part of the outer surface of each of certain phosphor 
particles 72 is, in accordance with the invention, conformally 
covered with a light-reflective coating 74 spaced apart from 
where that particle 72 is closest to faceplate 64. Coated 
particles 72 consist at least of those particles 72 located 
along the top of each light -emissive region 66. Whether there 
are any uncoated particles 72 in a region 66 having coated 
particles 72 depends on factors such as the thickness of regions 
66 in monolayers and how coatings 74 are formed. Any uncoated 
particles 72 in a region 66 having coated particles 72 are most 
likely to be located along the bottom of that region 66. In 
cases where the thickness of each region 66 is close to, or less 
than, a monolayer, substantially all of particles 72 normally 
have coatings 74. 

[0074] Light-reflective coatings 74 can partially conformally 
cover various portions of the outer surfaces of coated phosphor 
particles 72. Depending on how coatings 74 are formed, each 
coating 74 typically conformally covers at least part of the 
upper half (back half relative to the exterior surface of 
faceplate 64 at the front of the display) of underlying particle 
72. In the example of Fig. 4, coatings 74 largely conformally 
cover the upper halves of particles 72 located along the tops of 
light -emissive regions 66 but do not extend significantly over 
the lower halves of particles 72 located anywhere in regions 66. 
Nonetheless, coatings 74 can extend conformally somewhat over 
the lower halves of certain of particles 72, e.g., particles 72 
located along the tops of regions 66, provided that coatings 74 
do not extend so far downward over any of particles 72 as to 
reach the bottoms of regions 66. That is, coatings 74 do not 
extend so far downward over particles 72 as to contact faceplate 
64 in the example of Fig. 4. Coatings 74 can also cover less 
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than the upper halves of particles 72 located along the tops of 
regions 66 provided that these coatings 74 cover more of the 
upper halves of particles 72 located along the tops of regions 
66 than would be contacted by light-reflective layer 70 if 
coatings 74 were absent. 

[0075] Coatings 74 are, for convenience, illustrated as 
continuous and non-perforated. Depending on their thicknesses, 
coatings 74 may be perforated. Also, coatings 74 may be 
discontinuous, i.e., divided into multiple segments spaced apart 
from one another. 

[0076] Light-reflective layer 70 overlies light-reflective 
coatings 74 and typically contacts some or all of coatings 74 . 
At the locations where layer 70 contacts coatings 74, layer 70 
normally conforms to their outer surfaces. However, coatings 74 
normally extend sufficiently far down coated particles 72 toward 
faceplate 64 that layer 70 conforms, on the average, to only 
part of the outer surface of each coating 74. More 
particularly, each coating 74 normally contacts more of the 
outer surface of underlying coated particle 72 than layer 70 
would contact if that coating 74 were absent. In view of this, 
layer 70 is generally flat, i.e., approximately (or roughly) 
flat to nearly perfectly flat, above each light -emissive region 
66. 

[0077] Depending on how light-reflective coatings 74 are formed, 
a layer (not shown) of the material that forms coatings 74 may 
be situated on top of black matrix 68 below light-reflective 
layer 70. This additional light-reflective layer is typically 
not disadvantageous and can sometimes be advantageous. For 
example, the additional light-reflective layer typically 
consists of metal that adjoins layer 70. Hence, the additional 
light -reflective layer can cooperate with layer 70 in serving as 
the display's anode. Even if the additional light -reflective 
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layer does not contact layer 70, the additional light-reflective 
layer may still be employed in removing charge from phosphor 
particles 72 when they are struck by electrons during display 
operation . 

[0078] Pieces (not shown) of the light-reflective particle 
coating material may sometimes be situated on the upper surface 
of faceplate 64 in the spaces between phosphor particles 72 of 
each light-emissive region 66. The presence of such pieces of 
the light-reflective coating material on the interior faceplate 
surface is generally not beneficial and can be disadvantageous. 
As discussed further below, the formation of coatings 74 is thus 
typically conducted in such a manner as to largely avoid forming 
pieces of the light-reflective coating material on the interior 
faceplate surface in the spaces between particles 72 of each 
region 66. 

[0079] Phosphor particles 72 emit light in all directions. Part 
of the emitted light is emitted with some velocity in the 
forward direction (the downward direction in Fig. 4) and passes 
through faceplate 64 . Part of the remainder of the phosphor- 
emitted light travels rearward, i.e., with some velocity in the 
backward direction (the upward direction in Fig. 4) , so as to be 
reflected off light-reflective coatings 74. Particles 72 are 
generally transparent, i.e., generally transmissive of visible 
light. Part of the phosphor-emitted light reflected off 
coatings 74 passes through particles 72 and then through 
faceplate 64, thereby increasing the light intensity in the 
forward direction. Accordingly, light-reflective coatings 74 
produce an increase in the intensity of the image presented on 
the display's viewing surface. 

[0080] Light-reflective layer 70 functions in a similar manner 
to light-reflective coatings 74. That is, layer 70 reflects 
forward some of the rear-directed light emitted by phosphor 
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particles 72. Because coatings 74 are in front of layer 70, 
much of the initially rear-directed light emitted by particles 
72 is reflected forward by coatings 74 and thus does not reach 
layer 70. However, some of the phosphor-emitted light passes by 
or through coatings 74 and impinges on layer 70 directly or 
after one or more intermediate reflections. Layer 70 then 
reflects that light forward so that part of it passes through 
faceplate 64. Accordingly, layer 70 increases the light 
intensity in the forward direction so as to further increase the 
image intensity. The combination of layer 70 and coatings 74 
provides more increase in the forward light intensity than would 
occur solely with coatings 74 or solely with layer 70. 

[0081] Light-reflective coatings 74 normally consist of metal. 
Candidate metals for coatings 74 are beryllium, boron, 
magnesium, aluminum, chromium, manganese, iron, cobalt, nickel, 
copper, gallium, molybdenum, palladium, silver, indium, 
platinum, thallium, and lead. Coatings 74 may contain two or 
more of these metals or may consist of an alloy of one or more 
of these metals with one or more other materials. Boron, 
aluminum, gallium, indium, and thallium, which all fall into 
Group IIIB of the Periodic Table, are attractive for coatings 74 
because none of these five metals is an electron donor. 
Consequently, each of them is highly unlikely to cause phosphor 
particles 72 to emit light of the wrong color should atoms of 
any of these five metals migrate into particles 72. 

[0082] The choice of metals or other materials to implement 
light-reflective coatings 74 typically depends on the 
constituency of phosphor particles 72 and thus on the type of 
light emitted by particles 72. Specifically, coatings 74 which 
(partially) cover particles 72 that emit light of one type may 
consist of different material than coatings 74 which (partially) 
cover particles 72 that emit light of another type. 
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[0083] For instance, in a color implementation of the present 
flat-panel display, silver and the Group IIIB metals boron, 
aluminum, gallium, indium, and thallium are particularly 
suitable for those coatings 74 which cover particles 72 that 
emit blue light, especially when the blue-emitting particles 72 
consist of ZnS:Ag,Al phosphors. Copper and these five Group 
IIIB metals are particularly suitable for those coatings 74 
which cover particles 72 that emit green light, especially when 
the green-emitting particles 72 consist of ZnS:Cu,Al phosphors. 
Silver and copper are advantageous materials for coatings 74 in 
implementations where coatings 74 respectively cover blue- 
emitting ZnS:Ag,Al particles 72 and green-emitting ZnS:Cu,Al 
particles 72 because silver and copper respectively are 
substitutional species in these blue-emitting and green-emitting 
particles 72. Accordingly, any silver and copper atoms that 
respectively migrate into ZnS:Ag,Al particles 72 and ZnS:Cu,Al 
particles 72 are highly unlikely to cause these blue-emitting 
and green-emitting particles 72 to emit light of the wrong 
color. 

[0084] The thickness of light -reflective coatings 74 depends on 
various factors. Electrons emitted by regions 58 of electron- 
emitting device 50 pass through both light-reflective layer 70 
and coatings 74 before striking phosphor particles 72 to cause 
light emission. The electron passage through layer 70 and 
coatings 74 leads to a loss in electron energy 'and a consequent 
loss in intensity of the light emitted by particles 72. 
Increasing the thickness of coatings 74 generally increases the 
amount of electron energy loss and the consequent loss in the 
light intensity. On the other hand, coatings 74 do not provide 
adequate light-reflection capability if they are too thin. The 
average thickness of coatings 74 is normally 50 - 200 nm, 
typically 100 nm, when coatings 74 consist of aluminum. 
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[0085] Phosphor particles 72 may produce contaminant gases when 
struck by high-energy charged particles, especially electrons 
emitted by electron-emissive regions 58. For example, particles 
72 may outgas sulfur when part or all of them are metal sulfide 
phosphors, or oxygen when part or all of them are metal oxide 
phosphors. When part or all of particles 72 are metal 
oxy sulfide phosphors, they may outgas both sulfur and oxygen. 
Outgassed sulfur can be in the form of atomic/molecular sulfur 
or/and in the form of sulfur-containing compounds. Sulfur, 
although a solid at standard temperature (0°C) and pressure (1 
atm.), is gaseous at the high vacuum, typically a pressure of 10" 
6 torr or less, present in the interior of the display of Fig. 4 
and 5. Unless these contaminant gases are prevented from 
leaving the immediate vicinity of particles 72, the contaminant 
gases can enter the interior of the display and cause damage. 

[0086] As discussed further below, light-reflective coatings 74 
provide protective shields that reduce the severity of certain 
damaging effects, such as outgassing and erosion, that occur to 
phosphor particles 72 when they are struck by high-energy 
electrons or/and other high-energy charged particles. These 
advantages can be partially or largely fully achieved even 
through coatings 74 may be so thin as to not provide adequate 
light reflection. Additional reliance is then placed on light - 
reflective layer 70 for reflecting the phosphor-emitted, rear- 
directed light forward. 

[0087] Getter coatings 74 may, in accordance with the invention, 
consist of one or more of the following metals provided over 
particles 72 to a thickness below that needed for adequate light 
reflection: beryllium, boron, magnesium, aluminum, titanium, 
vanadium, chromium, manganese, iron, cobalt, nickel, copper, 
gallium, zirconium, niobium, molybdenum, palladium, silver, 
indium, barium, tantalum, tungsten, platinum, thallium, lead, 
and thorium, including alloys of one or more of these twenty- six 
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metals. Alternatively or additionally, coatings 74 may consist 
of oxide one or more of magnesium, chromium, manganese, cobalt, 
nickel, and lead. When coatings 74 are implemented with one or 
more of these six metal oxides, coatings 74 normally provide the 
protective shielding function even though they may not furnish 
adequate light reflection. 

[0088] Light-reflective coatings 74 function as getter coatings 
when they consist of certain of the preceding thirty-two metals 
and metal oxides. Getter candidates for this purpose include 
the metals magnesium, titanium, vanadium, chromium, manganese, 
iron, cobalt, nickel, copper, zirconium, niobium, molybdenum, 
palladium, silver, barium, tantalum, tungsten, platinum, lead, 
and thorium, including alloys of one or more of these metals. 
Coatings 74 can then sorb contaminant gases, including gases 
released by phosphor particles 72 upon being struck by electrons 
as well as gases otherwise present in the interior of the flat- 
panel display. Magnesium, chromium, manganese, iron, cobalt, 
nickel, copper, molybdenum, palladium, silver, platinum, and 
lead, are particularly suitable for sorbing sulfur, especially 
sulfur released by particles 72 when they are metal sulfide 
phosphors (again including metal oxysulf ide phosphors) . In one 
embodiment, coatings 74 consist largely of palladium or/ and 
chromium . 

[0089] Alternatively or additionally, coatings 74 can be 
implemented with oxide of one or more of magnesium, chromium, 
manganese, cobalt, nickel, and lead to provide a gettering 
function. Each of these six metal oxides is particularly 
suitable for sorbing sulfur. Coatings 74 consist largely of 
magnesium oxide in one embodiment. 

[0090] When coatings 74 contain two or more of preceding twenty- 
six metals and metal oxides for sorbing contaminant gases, the 
two or more getter materials are normally mixed together to form 
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an alloy in which all the getter materials are distributed 
across each coating 74, normally in a relatively uniform manner. 
In a multi -material alloy implementation, the alloy preferably 
consists of oxide of two or more of magnesium, chromium, 
manganese, cobalt, nickel, and lead. Implementing coatings 74 
with an alloy of two or more of these six metal oxides can, for 
certain combinations, provide better gettering, especially 
sulfur gettering, than is typically individually achievable with 
each of the corresponding component metal oxides. 

Alternatively, the alloy in these multi-material implementations 
of coatings 74 consists of two or more of the metals magnesium, 
chromium, manganese, cobalt, copper, palladium, nickel, silver, 
and lead for achieving better gettering then what is typically 
achievable individually with each of the corresponding component 
metals . 

[0091] The ability of light -ref lective coatings 74 to sorb 
contaminant gases, e.g., sulfur or/and oxygen, released by 
phosphor particles 72, is particularly advantageous because the 
gettering action typically occurs in close proximity to where 
the outgassing occurs. As a consequence, a substantial fraction 
of the contaminant gases that might otherwise escape the 
immediate vicinity of particles 72 is sorbed by coatings 74 and 
thereby prevented from causing damage elsewhere in the flat- 
panel display. The gettering capability of coatings 74 in this 
implementation supplements the outgas shielding effect that 
coatings 74 impose on particles 72 to reduce display 
degradation. 

[0092] As mentioned above, light -ref lective layer 70 is 
typically perforated. The perforations in layer 70 allow gases 
originating in the display's interior to pass through layer 70 
and be sorbed by light-reflective coatings 74. 
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[0093] Coatings 74 need not be light reflective when they 
perform the gettering function. Depending on the getter 
material utilized to form coatings 74, the average thickness of 
coatings 74 must typically be at least some minimum value for 
coatings 74 to provide adequate gettering. Nonetheless, 
coatings 74 may sometimes be thick enough to sorb contaminant 
gases adequately but too thin to provide adequate light 
reflection. 

[0094] Importantly, coatings 74 are situated in the active 
portion of light -emitting device 52 in Figs. 4 and 5. A high 
gettering surface area can thereby be achieved without 
significantly increasing the overall lateral device area. In 
addition, the getter material is distributed in a highly uniform 
manner across the active device portion. Difficulties such as 
undesired active-portion pressure gradients, which can arise 
from non-uniform gettering in the active portion of a 
light -emit ting device, are avoided in device 52. 

[0095] The getter material of coatings 74 is normally porous. 
Contaminant gases gather along or near the surfaces of coatings 
74, causing their gettering capability to decrease as time 
passes. By appropriately treating the getter material according 
to an "activation" process, the gases accumulated along or near 
the surfaces of coatings 74 are driven into their interiors. 
This enables the getter material to regain much of its gettering 
capability up to the point at which the internal gas-holding 
capability of the getter material is reached. The getter 
material can typically be activated a large number of times. 

[0096] Coatings 74 are normally created before hermetically 
sealing the light-emitting device 52 and electron-emitting 
device 50 together to assemble the flat -panel CRT display. In a 
typical fabrication sequence, completed light-emitting device 52 
is exposed to air prior to the display sealing operation. 
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Because light -reflective layer 70 is porous, coatings 74 are 
exposed to air prior to display sealing. Contaminant gases 
thereby accumulate along part of the effective gettering surface 
of coatings 74. Accordingly, the getter material of coatings 74 
typically needs to be activated during or subsequent to the 
display sealing operation while the enclosure between devices 50 
and 52 is at a high vacuum. 

[0097] Activation of the getter material of coatings 74 can be 
done in various ways. The getter material can be activated by 
raising its temperature to a sufficiently high value, typically 
300 - 900°C, for a sufficiently long period of time. In 
general, the amount of time needed to activate the getter 
material decreases with increasing activation temperature. By 
sealing the display of Figs. 4 and 5 at a temperature in excess 
of 300°C / typically 350°C, in a highly evacuated environment, 
the activation can be automatically accomplished during the 
sealing operation. When a component adjoining coatings 74 
contains electrically resistive material, a voltage can 
sometimes be applied to the resistive material to raise its 
temperature high enough to activate the getter material. 

[0098] Depending on the configuration of the overall flat-panel 
display, electromagnetic wave energy can be directed locally 
toward coatings 74 to activate the getter material. For 
example, the getter material can sometimes be activated with a 
beam of directed energy such as a laser beam. In some cases, 
the activation can be accomplished by directing radio- frequency 
energy, such as microwave energy, toward the getter material. 
Electrons emitted by regions 48 in electron-emitting device 50 
pass through, and thereby strike, coatings 74. These electrons 
are of relatively high energy and, in certain cases, can 
activate the getter material. 
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[0099] Various processes may be employed to fabricate light- 
emitting device 52 of Figs. 4 and 5. Figs. 6a - 6e 
(collectively "Fig. 6") illustrate a general process for 
manufacturing device 52 in accordance with the invention. 
Referring to Fig. 6a, the starting point for the process of Fig. 
6 is faceplate 64. 

[0100] Black matrix 68 is formed on faceplate 64 as indicated in 
Fig. 6b. Matrix 68 can be formed according to various 
techniques. When matrix 68 is a single layer, a blanket layer 
of the black matrix material can be deposited on faceplate 64. 
Techniques such as evaporation, sputtering, thermal spraying, 
chemical vapor deposition ("CVD"), and 

electrophoretic/dielectrophoretic deposition can be utilized to 
deposit the blanket layer. A coating of a liquid formulation or 
slurry containing the black matrix material can be deposited on 
faceplate 64 and dried. Sintering or baking can be performed as 
needed. Using a suitable mask such as a photoresist mask, 
matrix 68 is created by removing portions of the blanket layer 
at the locations for light -emissive regions 66. 

[0101] If black matrix 68 contains polymeric material, a layer 
of actinically polymerizable material can be deposited over 
faceplate 64. Portions of the layer are cured by exposing them 
to suitable actinic radiation, e.g., ultraviolet ("UV") light, 
to induce polymerization. The uncured polymerizable material is 
removed. If the polymeric material is to provide layer 68 with 
its black characteristic, a pyrolysis step is performed to 
blacken the cured material . 

[0102] Alternatively, black matrix 68 can be formed by a 
deposition/lift-off technique. As a further alternative, the 
black matrix material can be deposited through a shadow mask. 
When matrix 68 consists of two or more layers, repetitions 
or/and combinations of the preceding techniques can be employed 
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to create matrix 68. Matrix 68 can also be preformed and then 
mounted on faceplate 64 using a suitable adhesive. 

[0103] Light -emissive regions 66 consisting of layers of 
phosphor particles 72 are now provided in the openings through 
black matrix 68. The formation of regions 66 can be done in 
various ways . 

[0104] For a color display, a slurry of actinic binder and 
phosphor particles capable of emitting light of only one of the 
three colors red, blue, and green can be introduced into the 
openings in black matrix 68. The actinic binder is typically of 
the actinically crosslinkable polymeric type. One of every 
three of the black-matrix openings is exposed to actinic 
radiation, such as UV light, to cure the so-exposed binder. To 
minimize misalignment of light -emissive regions 66 to black 
matrix 68, the exposure step is typically performed through the 
exterior surface (lower surface in Fig. 6c) of faceplate 64 
using a mask to cover the openings whose binder material is not 
intended to be actinically exposed. Any unexposed slurry 
material is removed with a suitable developer. This procedure 
is repeated twice with slurries of actinic binder and phosphor 
particles capable of emitting light of the other two colors. 

[0105] Next, the binder material is largely removed by 
appropriately heating the structure. The binder material 
volatizes to produce the structure of Fig. 6c. The removal of 
the binder material is typically done in air according to a 
thermal profile that reaches a maximum temperature of 
300 - 480°C, typically 380 - 390°C. By using the foregoing 
process to introduce phosphor particles 72 into the openings in 
black matrix 68, particles 72 adhere well to faceplate 64. 

[0106] Alternatively, particles 72 can be selectively deposited 
into the openings in matrix 68. When the display is a color 
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display, the deposition of phosphor particles which emit light 
of each different color can be done with an appropriate mask 
placed above the structure. Three such masks are used for the 
colors red, blue, and green. Each mask prevents phosphor 
particles which emit light of a given color from accumulating in 
the black-matrix openings intended for phosphor particles which 
emit light of the other two colors. 

[0107] Light-reflective coatings 74 are now formed by providing 
the desired light-reflective coating material on phosphor 
particles 72. See Fig. 6d. The formation of coatings 74 is 
normally performed in a high-vacuum environment by a physical 
deposition technique such as sputtering or evaporation. Thermal 
spraying under high-vacuum conditions can also be used to create 
coatings 74. In thermal spraying, a heat source converts the 
particle coating material into a spray of molten or semi-molten 
particles that are deposited on particles 72. Thermal spray 
techniques include plasma spray and wire-arc spray, both of 
which utilize electrical heat sources, and flame spray, high- 
velocity-oxygen- fuel spray, and detonation-gun spray, all of 
which utilize chemical heat sources. After the thermal spray 
operation is complete, sintering or baking may be performed to 
convert the deposited particles of coating material into unitary 
structures . 

[0108] The sputtering, evaporation, or thermal spraying is 
preferably done in an angled manner to avoid depositing pieces 
of the light-reflective particle coating material on faceplate 
64 in the spaces between phosphor particles 72 of each light - 
emissive region 66. In particular, the sputtering, evaporation, 
or thermal spraying is performed at a non-zero tilt angle a to a 
line extending generally perpendicular to faceplate 64. Item P 
in Fig. 6d indicates such a line. 
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[0109] Particles , each consisting of one or more atoms of the 
coating material, impinge on the partially fabricated light- 
emitting device along paths which, on the average, 
instantaneously extend roughly parallel to a principal 
impingement axis which is at tilt angle a to line P. The value 
of angle a is chosen to be sufficiently large that, depending on 
the thickness of light -emissive regions 66, particles 72 serve 
as shields to substantially prevent the coating material from 
accumulating on the upper (interior) surface of faceplate 64. 
Angle a is normally 5 - 45°, typically 15 - 20°. 

[0110] The light-reflective particle coating material is 
supplied from a deposition source situated in a high-vacuum 
environment. The partially fabricated light-emitting device is, 
of course, also situated in the high-vacuum environment. The 
deposition source and partially fabricated device may be 
translated relative to each other. 

[0111] When angled sputtering, evaporation, or thermal spraying 
is employed to create light-reflective coatings 74, the 
partially fabricated light -emitting device and the deposition 
source are typically rotated relative to each other about a line 
(or axis) , such as line P, extending generally perpendicular to 
faceplate 64 in order to achieve a coating thickness which is 
relatively uniform about that line. The rotation can be done at 
approximately constant rotational speed or at variable speed. 
In any event, the rotation is normally performed for at least 
one full rotation. Alternatively, the angled deposition can be 
done for a group of significant time periods during each of 
which the light -emitting device and deposition source are at a 
largely fixed rotational position relative to each other. 

[0112] The sputtering, evaporation, or thermal spraying can be 
performed generally perpendicular to faceplate 64. Light- 
reflective coatings 74 can also be created by techniques such as 
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electrophoretic/dielectrophoretic deposition and CVD. During 
each of these deposition procedures, any of a number of measures 
is employed to prevent pieces of the light -reflective particle 
coating material from accumulating on the upper surface of 
faceplate 64. Subsequent to the deposition of phosphor 
particles 72, but prior to the deposition of coatings 74, a 
layer of lift-off material can be deposited into the black- 
matrix openings and onto the exposed portions of faceplate 64 to 
a fraction, e.g., one half, of the average thickness of light- 
emissive regions 66. Rather than being deposited after the 
introduction of particles 72 into the black-matrix openings, the 
lift-off layer may simply be part of the binder material 
utilized in depositing particles 72. In any event, pieces of 
the coating material accumulate on the lift-off layer during the 
formation of coatings 74 rather than directly on faceplate 64. 
The lift-off layer is subsequently removed to remove (lift off) 
these pieces of the coating material. 

[0113] During all the preceding techniques for creating light- 
reflective coatings 74, a layer (not shown) of the light - 
reflective particle coating material normally forms on the upper 
surface of black matrix 68 and, at least in the case of angled 
deposition such as angled sputtering, angled evaporation, or 
angled thermal spraying, on the sidewalls of matrix 68. Various 
techniques can, if desired, be employed to avoid forming such a 
light-reflective layer on matrix 68. For example, a lift-off 
layer can be deposited on matrix 68 prior to forming coatings 
74. The lift-off layer can be deposited by an angled technique, 
such as angled evaporation, angled sputtering, or angled thermal 
spraying, so as to accumulate on the upper surface of matrix 68 
and partly down its sidewalls without significantly accumulating 
on phosphor particles 72. During the formation of coatings 74, 
a layer of light-reflective coating material accumulates on the 
lift-off layer but not on matrix 68. The lift-off layer is 
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subsequently removed to remove the overlying light -reflective 
layer. Alternatively, coatings 74 can be deposited on particles 
72 through openings in a mask, e.g., a shadow mask, having 
blocking material that covers matrix 68. 

[0114] Light-reflective coatings 74 may, as mentioned above, 
sometimes also function as getters for sorbing contaminant 
gases, especially sulfur. As likewise indicated above, coatings 
74 may sometimes function as getters even though they are 
insufficient, e.g., too thin, to provide adequate light 
reflection. Coatings 74 may, as further mentioned above, 
sometimes be thick enough to provide phosphor particles 72 with 
particle shields but not thick enough to provide adequate light 
reflection. In all of these variations of coatings 74, the 
above-described techniques can be employed to form coatings 74. 

[0115] Light-reflective layer 70 is formed over black matrix 68 
and coatings 74, typically light reflective, as indicated in 
Fig. 6e. In forming layer 70, an intermediate layer (not shown) 
of generally solid material which can readily be converted to 
gas is formed in each black-matrix opening so as to just cover, 
or nearly cover, light-reflective coatings 74 and phosphor 
particles 72 in that opening. The intermediate layers in the 
black-matrix openings may be created by depositing lacquer into 
those openings and drying the lacquer. For convenience, the 
solid material that forms the intermediate layers is generally 
referred to below as "dried lacquer" or simply "lacquer" even 
though material other than lacquer can be employed to form the 
intermediate layers . 

[0116] The lacquer deposition can be done in a blanket manner so 
that the intermediate lacquer layers in the black-matrix 
openings are interconnected by dried lacquer (not shown) 
overlying black matrix 68, i.e., situated directly on matrix 68 
or/ and on any material, such as the above-mentioned layer of 



-37- 



CT-F139 US 
715711 V3 

light -reflective coating material, situated on top of matrix 68. 
Alternatively, various measures can be utilized to prevent 
lacquer from accumulating on top of matrix 68 or on any 
material, such as the layer of light-reflective coating 
material, situated on top of matrix 68. For instance, the 
lacquer can be deposited through openings in a mask, such as a 
shadow mask having a blocking region located above matrix 68, 
including above any material situated on top of matrix 68. As 
another example, a layer of actinic lacquer can be provided 
along the upper surface of the structure of Fig. 6d, including 
along any material lying on top of matrix 68. The actinic 
lacquer layer is then selectively exposed to suitable actinic 
radiation, e.g., UV light, using an appropriate mask. The 
actinic radiation can, in some cases, impinge on faceplate 64 
from below its lower surface using matrix 68 as the mask. In 
any event, depending on whether the actinic material is of 
negative or positive tone, either the exposed or unexposed 
actinic lacquer is removed to produce the intermediate layers in 
the black-matrix openings. 

[0117] After the intermediate lacquer layers are formed in the 
openings through black matrix 68, light -reflective material, 
typically aluminum or an aluminum alloy, is deposited on top of 
the structure to form light-reflective layer 70. The 
intermediate lacquer layers are then converted to gas by 
appropriately heating the structure. The gas escapes through 
the perforations in layer 70 to produce the structure of Fig. 
6e. Similar to the binder removal heating operation, the 
lacquer removal is typically done in air according to a thermal 
profile that reaches a maximum temperature of 300 - 480°C, 
typically 380 - 390°C. The structure of Fig. 6e is light- 
emitting device 52 of Figs. 4 and 5. 
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Intensity- enhancement Coatings 

[0118] Fig. 7 depicts a side cross section of part of the active 
region of a flat-panel CRT display having electron-emitting 
device 50, configured as described above, and an oppositely 
situated light -emit ting device 80 configured according to the 
invention for enhancing the image intensity. Electron-emitting 
device 50 and light -emitting device 8 0 are connected together 
through an outer wall (not shown) to form a sealed enclosure 
maintained at a high vacuum, again typically an internal 
pressure of no more than 10" 6 torr. As seen along a plane 
extending laterally through the sealed enclosure, the active 
portion of light -emitting device 8 0 has a plan view largely 
identical to that of Fig. 5. Similar to the display of Figs. 4 
and 5, the display of Fig, 7 typically includes spacers, as 
represented by exemplary spacer wall 54 in Fig. 5, situated 
between devices 50 and 80, The display of Fig. 7 may also have 
getter material located at various places in the display. 

[0119] Light-emitting device 80 contains faceplate 64, light- 
emissive regions 66, black matrix 68, and light -reflective layer 
70. Subject to the comments below about regions 66, components 
64, 66, 68, and 70 are configured and constituted the same, and 
function the same, as in light -emit ting device 52 of Figs. 4 and 
5. Black matrix 68 is illustrated as being thicker than light- 
emissive regions 66 in device 80 but can be thinner than regions 
66 . 

[0120] As in light -emitting device 52, each light -emissive 
region 66 of light -emitting device 80 consists of multiple 
light -emissive phosphor particles 72 distributed generally 
randomly over faceplate 64. However, the average thickness of 
regions 66 in device 80 is illustrated as being significantly 
less than a monolayer. That is, adjacent particles 72 in each 
region 66 of device 80 in Fig. 7 often do not touch one another. 
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Consequently, particles 72 in each region 66 are not packed as 
closely together as possible. This less-than-maximum density 
packing would arise even if particles 72 were perfect spheres of 
the same diameter . 

[0121] If phosphor particles 72 were shaped as perfect spheres 
of the same diameter packed in a hexagonal arrangement as 
closely as possible to a thickness of exactly one monolayer, 
particles 72 in each light -emissive region 66 would, as viewed 
perpendicular to (the upper surface of) faceplate 64 cover 

approximately 90% ((7t/2V3)xl00%) of the lateral area occupied by 
that region 66. In implementations where the thickness of 
regions 66 is less than a monolayer, particles 72 in each region 
66 may cover 50% or less of that region's lateral area as viewed 
perpendicular to faceplate 64 . This amounts to less than 60% of 
the maximum lateral area that particles 72 could cover in each 
region 66 if they were shaped as perfect spheres of the same 
diameter. Although the thickness of regions 66 in light - 
emitting device 80 is illustrated as being significantly less 
than a monolayer in Fig. 7, the thickness of regions 66 and 
device 80 may be greater than a monolayer, e.g., 1.5 monolayers, 
up to 3 monolayers or more. 

[0122] Part of the outer surface of each of certain phosphor 
particles 72 in light -emitting device 80 is, in accordance with 
the invention, covered with a first intensity- enhancement 
coating 82 and a second intensity- enhancement 84. In 
particular, each first intensity-enhancement coating 82 
conformally overlies part of the outer surface of underlying 
particle 72 so as to be spaced apart from where that particle 72 
is closest to faceplate 64. Each second intensity-enhancement 
coating 84 conformally overlies associated first coating 82 so 
as to overlie part of the outer surface of underlying particle 
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72 and likewise be spaced apart from where that particle 72 is 
closest to faceplate 64 . 

[01231 As explained further below, the intensity of light that 
leaves light -emissive regions 66 in the forward direction, and 
the consequent image intensity of the display, are enhanced as a 
result of the positioning and characteristics of intensity- 
enhancement coatings 82 and 84. However, coatings 82 and 84 do 
not directly enhance the light intensity themselves. 
Accordingly, the term "intensity-enhancement" when used here as 
an adjective for coatings 82 and 84, and also for other such 

"intensity-enhancement" coatings, is intended to indicate the 
function achieved with such coatings but is not intended to mean 
that such coatings actually enhance light intensity. 

[0124] Fig. 7 illustrates the situation in which, because the 
thickness of light -emissive regions 66 is depicted as being less 
than a monolayer, each phosphor particle 72 is a coated 
particle. In cases where the thickness of regions 66 is greater 
than a monolayer, some of particles 72 may be uncoated. Similar 
to what was said above about any of particles 72 being uncoated 
in light-emitting device 52, whether there are any uncoated 
particles 72 in light-emitting device 80 depends on factors such 
as the thickness of regions 66 in monolayers and how intensity- 
enhancement coatings 82 and 84 are formed. 

[0125] First intensity-enhancement coatings 82 can partially 
conformal cover various portions of the outer surfaces of coated 
phosphor particles 72 depending on how coatings 82 are formed. 
In the example of Fig. 7, coatings 82 largely cover the upper 
halves of particles 72 but do not extend significantly over 
their lower halves. Coatings 82 can, however, extend somewhat 
over the lower halves of particles 72 provided that coatings 82 
do not extend so far down as to contact faceplate 64 in this 
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example. Coatings 82 can also cover less than the upper halves 
of particles 72. 

[0126] Each second intensity-enhancement coating 84 covers 
largely all of associated first intensity-enhancement coating 82 
in the example of Fig. 7. Alternatively, each second coating 84 
can cover part of associated first coating 82. Second coatings 
84 typically do not extend laterally beyond first coatings 82 so 
as to contact phosphor particles 72. In any event, second 
coatings 84 do not extend so far down as to contact faceplate 
64. 

[0127] Light ~ref lective layer 70 overlies intensity-enhancement 
coatings 82 and 84 and typically conformally contacts some or 
all of second coatings 84. Similar to how layer 70 conforms, on 
the average, to only part of each light-reflective coating 74 in 
light -emitting device 52, coatings 82 and 84 in light-emitting 
device 8 0 normally extend sufficiently far down phosphor 
particles 72 toward faceplate 64 that layer 70 conforms, on the 
average, to only part of the upper surface of each coating 84. 

[0128] Depending on how intensity- enhancement coatings 82 and 84 
are formed, pieces (not shown) of the material that forms first 
coatings 82 or/and the material that forms second coatings 84 
may be situated on faceplate 64 in the spaces between phosphor 
particles 72 of each light -emissive region 66. When present, 
these pieces of intensity-enhancement material are typically not 
significantly harmful because the forward-directed light can 
readily pass through them without a significant change in the 
small amount of light reflected along the interior surface of 
faceplate 64 . 

[0129] A layer (not shown) of the material that forms first 
intensity-enhancement coatings 82 may be situated on black 
matrix 68. A layer (not shown) of the material that forms 



-42- 



CT-F139 US 
715711 V3 

second intensity- enhancement coatings 84 may similarly be 
situated over matrix 68, either directly on matrix 68 or, when 
present, over the layer of first intensity- enhancement material. 
The presence of either or both of these layers of intensity- 
enhancement material is typically not harmful and can sometimes 
be beneficial. When matrix 68 contains material, e.g., 
polymeric material such as polyimide, which emits contaminant 
gases when struck by electrons, the intensity- enhancement 
material overlying matrix 68 can be utilized as a shield to 
reduce the amount of these gases that enter the interior of the 
display. Also, this intensity-enhancement material is 
substantially transparent and thus does not significantly affect 
the light- absorption function performed by matrix 68. 

[0130] Each pair of associated intensity-enhancement coatings 82 
and 84 transmits a substantial fraction of normally 

(perpendicularly) incident visible light emitted by underlying 
phosphor particle 72. In a color implementation of light- 
emitting device 8 0 where the frequency bands at which particles 
72 emit light differ from one light -emissive region 66 to 
another dependent on whether red, blue, or green light is to be 
produced, each pair of associated coatings 82 and 84 can 
strongly absorb light in certain frequency bands as long as that 
pair of coatings 82 and 84 strongly transmits light in the 
frequency band across which underlying particle 72 emits light. 
For manufacturing convenience, first coatings 82 preferably 
consist of the same material regardless of whether underlying 
particles 72 emit red, blue, or green light. The same applies 
to second coatings 84 except that the second- coating material 
differs from the first -coating material. Hence, coatings 82 and 
84 normally transmit a substantial fraction of normally incident 
visible light across largely the entire visible light frequency 
spectrum, and thus are transparent. 
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[0131] The refractive index n for a medium is the ratio of the 
speed at which light travels in a vacuum (approximately 3xl0 8 
m/sec.) to the speed at which light travels in the medium. The 
interior (sealed enclosure) of the flat-panel display of Fig. 7 
is approximately a vacuum. Consequently, the refractive index ni 
for the display's interior is approximately 1. Inasmuch as 
light travels slower in any non-vacuum medium than in a vacuum, 
the refractive index n for a non-vacuum medium is greater than 
1. The speed of light in a perfect reflector is essentially 
zero because a perfect reflector reflects all incident light. 
Light -reflective layer 7 0 , which approximates a perfect 
reflector, thus has a very high refractive index, effectively 
infinity. 

[0132] The average refractive index n P for phosphor particles 72 
is normally 2.0 - 3.0, typically 2.3 - 2.4. The average 
refractive index ni for first intensity- enhancement coatings 82 
is less than n P (but greater than 1) . For instance, refractive 
index n x can be 1.5 - 2.2, typically 1.7 - 1.8, subject to being 
less than n P . The average refractive index n 2 for second 
intensity- enhancement coatings 84 is less than n x (but likewise 
greater than 1) . For example, refractive index n 2 can be 
1.2 - 1.5, typically 1.3 - 1.4, subject to being less than n x . 

[0133] The outer surface of light -reflective layer 70 forms the 
interior surface of light-emitting device 80 and thus is 
subjected to the high vacuum in the interior of the flat -panel 
display. As mentioned above, layer 70 is normally perforated. 
Due to the perforation of layer 70 or/and the way in which 
device 80 is fabricated at least part of the outer surface of 
each second coating 84 is subjected to the high vacuum in the 
display's interior where refractive index n x is approximately 1. 
Each phosphor particle 72 and overlying intensity- enhancement 
coatings 82 and 84 therefore provide a structure in which the 
average refractive index starts at n P/ typically greater than 2, 
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for that particle 72 and then drops progressively in going 
through overlying coatings 82 and 84 down to approximately 1 in 
the substantial vacuum along at least part of the outer surface 
of overlying second coating 84 . 

[0134] By arranging for the average refractive index to decrease 
progressively in going from phosphor particles 72 through 
intensity-enhancement coatings 82 and 84 to the high vacuum at 
the outer surfaces of second coatings 84, more rear-directed 
light emitted by particles 72 escapes particles 72 and coatings 
82 and 84 travelling backward, including partially sideways, 
than would escape particles 72 travelling backward, again 
including partially sideways, if coatings 82 and 84 were absent. 
Accordingly, an increased amount of rear-directed light, 
including light travelling partially sideways, in light-emitting 
device 80 reaches light-reflective layer 70 in such a manner as 
to be reflected forward and pass through light-emissive regions 
66. The light intensity is enhanced generally in the forward 
direction, thereby enhancing the display r s image intensity. 

[0135] More particularly, light incident on an interface between 
two light -transmissive media having different refractive indices 
is partially reflected at the interface and partially 
transmitted across the interface in a refractive manner. The 
intensity I R of light reflection at the interface generally 
decreases as the difference An between the refractive indices of 
the two media is reduced. The variation of reflection intensity 
I R with refractive index difference An is non-linear in that 
intensity I R drops more gradually than difference An as 
difference An is reduced. Specifically, reflection intensity I R 
at the interface normally roughly follows a proportionality 
relationship of the form: 
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An 
v n A + n B , 



(1) 



where n A and n B respectively represent the refractive indices of 
the two media and where difference An is |n A — n B | . 

[0136] Alternatively stated, intensity I R normally roughly 
follows the proportionality relationship: 



An 

2n B + An^ 



\ 2 



(2) 



for the case in which refractive index n B is less than refractive 
index n A - As difference An drops from infinity to zero, 
intensity I R drops from one to zero. 

[0137] Consider the hypothetical optical situation of three 
light -transmissive media, referred to as the first, second, and 
third media, in which the refractive index progressively 
decreases in going from the first medium through the second 
medium to the third medium and in which the second medium is 
situated between, and adjoins, the other two media. Light 
travelling in the first medium is partially reflected and 
partially transmitted at the interface between the first and 
second media. Ignoring any light absorption in the second 
medium, the partially transmitted light travelling in the second 
medium is partially reflected and partially transmitted at the 
interface between the second and third media. The first, 
sQoorid, and third media in this hypothetical situation are 



-46- 



CT-F139 US 
715711 V3 

respectively analogous to each phosphor particle 72, overlying 
first coating 82 , and associated second coating 84. 

[0138] Compare this three-medium situation to a hypothetical 
two-medium optical situation in which the first and third media 
mentioned above, i.e., the media having the highest and lowest 
refractive indices, directly adjoin each other. Hence, the 
second medium is absent in the two-medium situation. Also 
assume that the same amount of light in the first medium travels 
toward the third medium in both situations. Due to the way in 
which the intensity of light reflection at an interface between 
two light -transmissive media varies with their refractive 
indices as exemplified by relationship 1 or 2, the total 
fraction of light transmitted through both interfaces in the 
three-medium situation is greater than the fraction of light 
transmitted through the single interface (between the first and 
third media) in the two-medium situation. Hence, insertion of a 
light-transmissive medium of intermediate refractive index 
between two other media enables more light to be transmitted 
from the medium having the highest refractive index to the 
medium having the lowest refractive index. 

[0139] With the foregoing in mind, phosphor particles 72 emit 
light which, directly or after one or more intermediate 
reflections, passes through intensity-enhancement coatings 82 
and 84 moving backward, including partially sideways. Each 
particle 72, overlying intensity- enhancement coatings 82 and 84, 
and the high vacuum along the portion of that second coating 84 
spaced apart from light-reflective layer 70 form a four-medium 
optical situation in which that particle 72 is a first medium, 
overlying first coating 82 is a second medium of lower 
refractive index, associated second coating 84 is a third medium 
of yet lower refractive index, and the high vacuum along the 
portion of that second coating 84 spaced apart from layer 70 is 
a fourth medium of even lower refractive index. By 
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extrapolating the analysis of the three -medium situation to this 
four-medium situation, more light escapes particles 72 and 
coatings 82 and 84 travelling backward, including partially 
sideways, at locations spaced apart from where coatings 84 
contact layer 70 than, in the absence of coatings 82 and 84, 
would escape particles 72 moving backward, again including 
partially sideways, at locations spaced apart from where layer 
70 would then contact particles 72. 

[0140] Part of the phosphor- emitted light that escapes phosphor 
-particles 72 and intensity- enhancement coatings 82 and 84 
travelling generally backward, including partially sideways, 
impinges on light-reflective layer 70 in such a manner, i.e., at 
such locations in at such directions, as to be reflected forward 
by layer 70 to the sides of particles 72. Since more of this 
rear-directed light impinges on layer 70 at locations spaced 
apart from where coatings 84 contact layer 7 0 than would impinge 
on layer 70 at locations spaced apart from where particles 72 
would contact layer 70 in the absence of coatings 82 and 84, an 
increased fraction of the rear-directed light is reflected 
forward to the sides of particles 72 in light -emitting device 
80. A large portion of the so-reflected forward- travel ling 
light passes through faceplate 64 directly or after one or more 
intermediate reflections, including reflections off particles 
72, to increase the overall light intensity in the forward 
direction. By configuring intensity-enhancement coatings 82 and 
84 in the foregoing way and arranging for them to have the 
indicated light-transmission and refractive -index 
characteristics, coatings 82 and 84 enable the image intensity 
to be enhanced. 

[0141] When, as illustrated in the example of Fig. 7, the 
thickness of light -emissive regions 66 is less than a monolayer 
so that phosphor particles 72 are not packed together as closely 
as possible, more space is available for phosphor -emitted rear- 
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directed light to be reflected forward off light -reflective 
layer 70 and then pass through regions 66 to the sides of 
particles 72. The efficiency of having rear-directed light 
emitted by a single particle 72 be reflected forward and then 
pass through its region 66 without re-entering any particle (s) 
72 in that region 6 6 is increased. Although arranging for the 
particle packing density to be less than the maximum particle 
packing density results in fewer particles 72 being present in 
each region 66 and thus less rear-directed light being emitted 
from particles 72 in each region 66, the overall amount of 
phosphor-emitted light that reaches faceplate 64 may sometimes 
be increased, especially if any of particles 72 are implemented 
with phosphors that absorb significant amounts of light across 
the frequency band(s) where those phosphors emit light. 

[0142] It is typically desirable that refractive indices ni and 
n 2 of intensity-enhancement coatings 82 and 84 be chosen to 
largely maximize the amount of rear-directed light that escapes 
phosphor particles 72 and coatings 82 and 84. In this regard, 
let r P represent the ratio n P /ni of refractive index n P of 
particles 72 to refractive index ni of first coatings 82, let ri 
represent the ratio ni/n 2 of refractive index n x to refractive 
index n 2 of second coatings 84, and let r 2 represent the ratio 
n2/ni of refractive index n 2 to refractive index ni in the high 
vacuum along at least part of the outer surface of each particle 
84. 

[0143] Utilizing relationship 1 or 2 presented above to describe 
reflection intensity I R at an interface between two light - 
transmissive media of different refractive indices, ignoring any 
light absorption in intensity-enhancement coatings 82 and 84, 
and ignoring secondary reflections in coatings 82 and 84, the 
maximum amount of rear-directed light escapes particles 72 and 
coatings 82 and 84 when each of ratios r P , ri, and r 2 is of value 
r 0 PT given as : 
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t V /3 



(3] 



[0144] For the conditions prescribed by Eq. 3, the optimum 
values niopT and n 2 oPT of respective refractive indices ni and n 2 
are : 

n 10 PT = (n P 2 nx) 1/3 « n p 2/3 (4) 
n 20 PT = (n p n! 2 ) 1/3 « n P 1/3 (5) 

where the approximations utilize the fact that high -vacuum 
refractive index ni is approximately 1. Subject to various 
factors including material availability limitations , refractive 
indices n x and n 2 are preferably chosen to approach their optimum 
values, such as those prescribed by Eqs . 4 and 5, as closely as 
feasible . 

[0145] Furthermore, let An P represent the difference n P - n x 
between refractive index n P of phosphor particles 72 and 
refractive index n x of first coatings 82, let An x represent the 
difference n x - n 2 between refractive index n ± and refractive n 2 
of second coatings 84, and let An 2 represent the difference 
n 2 - n x between refractive index n 2 and refractive index n x of the 
high vacuum along at least part of the outer surface of each 
coating 84. When ratios r P , r x , and r 2 are at their optimum 
values given by Eq. 3, refractive -index differences An P/ Ani, and 
An 2 progressively decrease. That is, when refractive indices n x 
and n 2 of coatings 82 and 84 are chosen to largely maximize the 
amount of rear-directed light that escapes particle 72 and 
coatings 82 and 84, difference An P across the interface between 
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each particle 72 and overlying first coating 82 is the largest 
of differences An P/ Ani, and An 2 , whereas difference An 2 across 
the interface between each second coating 84 and the high vacuum 
along at least part of that coating 84 is the smallest of 
differences An P/ Ani, and An 2 - 

[0146] Intensity- enhancement coatings 82 and 84 may consist of 
various electrically insulating, electrically resistive, or/and 
electrically conductive materials which are transparent at the 
thicknesses of coatings 82 and 84. Suitable transparent 
materials for coatings 82 and 84 include the electrical 
insulators aluminum oxide, silicon nitride, silicon oxide, 
magnesium oxide, and yttrium oxide. Two or more of these 
electrical insulators may be employed in coatings 82 and 84 to 
respectively achieve desired values of refractive indices n x and 
n 2 . In a typical implementation, first coatings 82 consist of 
yttrium oxide for which refractive index n x is 1.8 - 1.9. Second 
coatings 84 in this implementation consist of silicon oxide for 
which refractive index n 2 is 1.4 - 1.5. 

[0147] The presence of intensity-enhancement coatings 82 and 84 
causes a small loss in the energy of the impinging electrons 
emitted by regions 58 in electron-emitting device 50. 
Accordingly, coatings 82 and 84 are typically made as thin as 
feasible. The average thickness of first coatings 82 is 
normally 1-50 nm, typically 5 nm, when coatings 82 consist of 
yttrium oxide. The average thickness of second coatings 84 is 
normally 1 - 100 nm, typically 10 nm, when coatings 84 consist 
of silicon oxide. 

[0148] Light -emitting device 80 can be modified in various ways. 
Each phosphor particle 72 can be partially covered with more 
than two intensity-enhancement coatings having average 
refractive indices which are less than that particle's average 
refractive index and which progressively decrease in moving away 
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from that particle 72. In general, part of the outer surface of 
each particle 72 can, in accordance with the invention, be 
covered with m intensity- enhancement coatings where m is a 
plural integer. Fig. 7 then implements the case in which m is 
2 . 

[0149] The m intensity- enhancement coatings which cover each 
phosphor particle 72 are, for convenience, referred to here as 
the first intensity-enhancement coating through the mth 
intensity -enhancement coating. Each first coating, 
corresponding to one of coatings 82 in the example of Fig. 7, is 
the nearest coating and thus lies directly on underlying 
particle 72. Each first coating conformally overlies part of 
the outer surface of underlying particle 72 so as to be spaced 
apart from where that particle 72 is closest to faceplate 64. 
Each mth coating, corresponding to the associated one of 
coatings 84 in the example of Fig. 7, is the furthest coating, 
i.e., the intensity- enhancement coating most remote from 
underlying particle 72. Letting i be an integer varying from 2 
to m, each ith coating conformally overlies the associated (i- 
l)th coating so as to overlie part of the outer surface of 
underlying particle 72 and be spaced apart from where that 
particle 72 is closest to faceplate 64. Light -reflective layer 
7 0 overlies the mth coatings in the manner described above for 
second coatings 84 . 

[0150] The m intensity-enhancement coatings covering each 
phosphor particle 72 have the basic light -transmission 
characteristics prescribed above for intensity- enhancement 
coatings 82 and 84. Each first coating in this extension of 
light -emit ting device 80 is of lower average refractive index 
than underlying particle 72 . Each ith coating is of lower 
average refractive index than the associated (i-l)th coating. 
The high vacuum along at least part of the outer surface of each 
mth coating is of lower average refractive index than that mth 
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coating. Accordingly, the average refractive index 
progressively decreases in going from each particle 72 through 
the overlying m coatings to the high vacuum along at least part 
of the outer surface of that particle's mth coating. 

[0151] Rear-directed light emitted by phosphor particles 72 
passes through the m coatings overlying each particle 72 and is 
reflected off light-reflective layer 70. By an extrapolation of 
the reasons presented above in connection with the example of 
Fig. 7, more of the rear-directed phosphor- emitted light reaches 
layer 70 at locations spaced apart from where layer 7 0 contacts 
the mth coatings than would reach layer 70 at locations spaced 
apart from where layer 7 0 would contact particles 72 if the m 
coatings overlying each particle 72 were absent or, if only part 
of the m coatings overlying each particle 72 were absent, at 
locations spaced apart from where layer 7 0 would contact the 
most remote ones of those less-than-m coatings overlying each 
particle 72 . Part of this increased amount of rear-directed 
light is then reflected forward off layer 72 in such a manner as 
to pass to the sides of particles 72 and through faceplate 64. 
The forward light intensity and the consequent image intensity 
are enhanced. 

[0152] For the purpose of determining the conditions which 
result in approximately the maximum amount of rear-directed 
light escaping phosphor particles 72 and the m coatings 
overlying each particle 72 , let r P again represent ratio n P /ni . 
Let ri represent the ratio ni/ni+x where i is an integer varying 
from 1 to m-1, ni is the average refractive index of the ith 
coating, and nm is the average refractive index of the mth 
coating. Furthermore, let r m represent the ratio nm/rii. 
Utilizing relationship 1 or 2 given above, ignoring any light 
absorption in the m coatings overlying each particle 72, and 
ignoring secondary reflections in those m coatings, the maximum 
amount of rear-directed light escapes particles 72 and the m 
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coatings overlying each particle 72 when each of ratios r p , r lf 
r 2 , . . . r m is of value r 0 PT given as : 



n D 



(6) 



Eq. 6 reduces to Eq. 3 for the specific example of Fig. 7 in 
which m is 2 . 

[0153] For the condition prescribed by Eq. 6, the optimum value 
niopT of refractive index ni is: 



= n ^ Ta+1 - i 5/( m+1 > ni i /( m+1) ~ np (m+l-i)/{m+l) ^) 



where i here varies from 1 to m and where the approximation 
utilizes the fact that high-vacuum refractive index ni is 
approximately 1. Eq. 7 reduces to Eqs . 4 and 5 when m is 2 . 
Refractive indices ni - nm are preferably chosen to approach 
their optimum values, such as those prescribed by Eq. 7, as 
closely as possible. 

[0154] In addition, let An p again represent refractive- index 
difference n p - n x . Let Ani represent the refractive- index 
difference n± - n± +1 for i varying from 1 to m-1 . Let An m 
represent the refractive -index difference nm - ni- When ratios 
r p and ri - r m are at their optimum values given by Eq. 7, 
refractive- index differences An p and Ani - An m progressively 
decrease so that difference An p is the largest and difference An m 
is the smallest. 
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[0155] Fig. 8 depicts a side cross section of part of the active 
portion of an implementation of light -emitting device 80 in 
accordance with the invention. Except as described below, 
device 80 in the implementation of Fig. 8 contains components 
64, 66, 68, 70, 72, 82, and 84 configured, constituted, and 
functioning the same as in device 8 0 of Fig. 7. The thickness 
of regions 66 is thus illustrated as being less than a monolayer 
in device 80 of Fig. 8 but can, as in device 80 of Fig. 7, be 
greater than a monolayer. In the implementation of Fig. 8, 
faceplate 64 typically consists of a glass plate (not separately 
shown) and a thin transparent dielectric layer (likewise not 
separately shown) , typically silicon oxide or silicon nitride, 
situated on the plate's upper surface for reducing oxygen 
outgassing from faceplate 64 due to electron bombardment. 

[0156] Black matrix 68 in Fig. 8 consists of a patterned lower 
black layer 86 and a patterned upper layer 88. Lower layer 86, 
which lies directly on faceplate 64, provides matrix 68 with its 
black characteristic as seen through faceplate 64. For this 
purpose, layer 86 is formed with hard black material, such as a 
composite of black chromium oxide and chromium, having a 
thickness of 100 - 500 nm, typically 300 nm. Layer 86 can be 
replaced with a layer of black polymeric material, such as 
blackened polyamide, and an overlying adhesion layer consisting 
of hard material such as chromium or/and chromium oxide which 
need not be black. 

[0157] Upper layer 88, which lies on lower layer 86, provides 
black matrix 68 with the vast majority of its height. Spacers, 
represented by spacer wall 54 in Fig. 5, contact material 
overlying layer 88. The thickness of layer 88 is 30 - 50 nm, 
typically 40 nm. Layer 88 typically consists of polymeric 
material, such as polyamide, which is typically not blackened 
but can be blackened. 
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[0158] An optional protective (or isolation) layer 90 is 
situated on black matrix 68 and extends substantially all the 
way down its sidewalls. The combination of faceplate 64 and 
protective layer 90 encapsulates matrix 68. When electrons 
emitted by regions 58 strike light-emitting device 80, the 
polymeric material which typically forms upper layer 88 of 
matrix 68 can emit contaminant gases. Protective layer 90 slows 
the entry of these gases into the interior of the display. 
Further details on protective layers such as layer 90 are 
presented in Haven et al, U.S. patent application 09/087,785, 
filed 29 May 1998, and in Curtin et al, U.S. patent application 
09/698,696, filed 27 October 2000. 

[0159] Fig. 8 illustrates an example in which protective layer 
90 extends over faceplate 64 at the bottoms of the black-matrix 
openings that contain light -emissive regions 66. Layer 90 then 
consists of material transmissive of visible light. This 
material is typically an electrical insulator such as silicon 
oxide, silicon nitride, or/and aluminum oxide. Alternatively, 
layer 90 can block, i.e., absorb or/and reflect, visible light. 
In that case, portions of layer 90 are removed at the bottoms of 
the black-matrix openings. 

[0160] Pieces 92 of the material that forms first intensity- 
enhancement coatings 82 are depicted as being situated on 
protective layer 90 at the bottoms of the black-matrix openings 
at locations below the spaces between phosphor particles 72 of 
each light -emissive region 66 in the example of Fig. 8. Pieces 
94 of the material that forms second intensity-enhancement 
coatings 84 are similarly illustrated as being situated on 
pieces 92. Depending on how coatings 82 and 84 are created, 
pieces 92 of the first intensity- enhancement material and/or 
pieces 94 of the second intensity- enhancement material may not 
be present in light -emit ting device 80. 
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[0161] An optional electrically non- insulating charge -removal 
layer 96 is situated on protective layer 90 above black matrix 
68 and extends partway down layer 90 into the black-matrix 
openings so as to be in very close proximity to phosphor 
particles 72 of each light -emissive region 66. In the example 
of Fig. 8, charge -removal layer 96 extends at least partway down 
the average height of particles 72 . During display operation, 
excess negative charge that accumulates on particles 72 as a 
result of being struck by electrons is removed by layer 96. 
Layer 96 normally consists of electrically conductive material , 
such as aluminum, having a thickness of 0.1 - 2.0 jam, typically 
0 . 8 (im . 

[0162] A layer 98 of the first intensity- enhancement material 
lies on non- insulating layer 96. A layer 100 of the second 
intensity- enhancement material lies on layer 98 of the first 
intensity-enhancement material. Light -reflective layer 70 is 
situated on layer 100 of the second intensity- enhancement 
material and extends over second intensity-enhancement coatings 
84 in the manner described above. 

[0163] An additional layer 102 lies on light-reflective layer 70 
and extends fully across the active portion of light -emitting 
device 80 in the example of Fig. 8. When layer 70 consists of 
aluminum, additional layer 102 overlies the thin native layer 
(not separately indicated) of aluminum oxide which forms along 
the upper surface of layer 70 when device 80 is exposed to air. 
Additional layer 102 can also replace the native aluminum oxide 
layer. Compared to the native aluminum oxide layer, additional 
layer 102 provides one or more, preferably all, of (a) reduced 
chemical reactivity, (b) reduced secondary electron emission per 
unit area, and (c) reduced electron backscattering per unit 
area. Layer 102 typically consists of chromium oxide or /and 
chromium having a thickness of 1 - 50 nm, typically 10 nm. 
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[0164] In conjunction with having reduced chemical reactivity 
compared to the native aluminum oxide layer, layer 102 has a 
lower gas-sticking coefficient than the native oxide layer. 
Consequently, the likelihood of contaminant gases adhering to 
the interior surface of the active portion of light -emit ting 
device 80 is reduced compared to what would occur if the 
interior surface of the active portion were formed with the 
native aluminum oxide layer. Further details on layers such as 
additional layer 102 are presented in Cummings et al, co-filed 

U.S. patent application , attorney docket No. CT-F137 

US. 

[0165] Light -emitting device 80 in the implementation of Fig. 8 
normally also includes a thin peripheral electrode (not shown) 
situated outside the active portion of device 80. The 
peripheral electrode consists of electrically non- insulating 
material, specifically electrically conductive material such as 
aluminum or an aluminum alloy. The peripheral electrode 
contacts both light -reflective layer 70 and charge -removal layer 
96 so as to provide them with the display's anode potential and 
to provide access to layers 70 and 96 for removing charge. 

[0166] The implementation of Fig. 8 can be modified to have more 
than two intensity- enhancement coatings situated above part of 
the outer surface of each phosphor particle 72 in the manner 
described above in connection with Fig. 7. 

[0167] Figs. 9a - 9e (collectively "Fig. 9") illustrate a 
general process for manufacturing light -emissive device 8 0 of 
Fig. 7 in accordance with the invention starting from the stage 
of Fig. 6b in the process of Fig. 6. See Fig. 9a which repeats 
Fig. 6b. Phosphor particles 72 are introduced into the openings 
in black matrix 68 to form light -emissive regions 66 as shown in 
Fig. 9b. The introduction of particles 72 into the black matrix 
openings is performed in the same way as in the process of Fig. 
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6 except that, in the example of Fig. 9b, the thickness of 
regions 66 is illustrated as being less than a monolayer. 

[0168] First intensity-enhancement coatings 82 are formed by 
providing the desired first intensity-enhancement material on 
parts of the outer surfaces of phosphor particles 72 at 
locations spaced apart from where particles 72 are closest to 
faceplate 64. See Fig. 9c. Second intensity- enhancement 
coatings 84 are subsequently formed by providing the desired 
second intensity- enhancement material on first coatings 82 above 
parts of the outer surfaces of particles 72 in such a way that 
second coatings 84 are spaced apart from where particles 72 are 
closest to faceplate 64 as indicated in Fig. 9d. 

[0169] Subject to any differences that may arise because the 
material of light-reflective coatings 74 in light -emissive 
device 52 differs from the first intensity- enhancement material, 
first intensity-enhancement coatings 82 are typically formed in 
a high -vacuum environment according to any of the techniques 
utilized for creating coatings 74 in the process of Fig. 6. 
These techniques include sputtering, evaporation, thermal 
spraying, and electrophoretic/ dielectrophoretic deposition. 
The same applies to deposition of the second intensity- 
enhancement material for creating second coatings 84. Coatings 
82 and 84 can also be formed by CVD or sol gel deposition. 

[0170] Depending on the thickness of light -emissive regions 66 
and on how intensity-enhancement coatings 82 and 84 are formed, 
pieces (not shown) of the first or/and second intensity- 
enhancement material may accumulate over faceplate 64 in the 
spaces between phosphor particles 72 of each light -emissive 
region 66 during the deposition of the first or/and second 
intensity-enhancement material. Any of the measures used to 
prevent pieces of the light -reflective material from 
accumulating on faceplate 64 in the spaces between particles 72 
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of each region 66 during the formation of light-reflective 
coatings 74 in the process of Fig. 6 can, if desired, be 
employed here to prevent pieces of the first or/and second 
intensity-enhancement material from similarly accumulating on 
faceplate 64 or to prevent pieces of the second intensity- 
enhancement material from accumulating on pieces of the first 
intensity-enhancement material in the spaces between particles 
72 of each region 66. 

[0171] In cases where sputtering, evaporation, or thermal 
spraying is utilized to form first coatings 82 or/and second 
coatings 84, deposition of the first or/and second intensity- 
enhancement material can be in performed in an angled manner at 
non-zero tilt angle a to a line extending generally 
perpendicular to faceplate 64. Item P in Figs. 9c and 9d 
indicates such a line. The value of tilt angle a, usually 
5 - 45°, typically 15 - 20°, is normally sufficiently large that 
phosphor particles 72 and any overlying material, e.g., first 
coatings 82 during the formation of second coatings 84, serve as 
shields to substantially prevent any of the first or/and second 
intensity -enhancement material from accumulating over faceplate 
64 in the spaces between particles 72 of each light -emissive 
region 66. 

[0172] During the formation of first coatings 82, a layer (not 
shown) of the first intensity-enhancement material normally 
forms on top of black matrix 68 and, at least in the case of 
angled deposition such as angled sputtering, evaporation, or 
thermal spraying, on the sidewalls of matrix 68. During the 
formation of second coatings 84, a layer (likewise not shown) of 
the second intensity-enhancement material similarly normally 
forms on the parts of the layer of first intensity- enhancement 
material overlying the top of matrix 68 and, at least in the 
case of angled deposition, on the parts of the layer of first 
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intensity- enhancement material covering the sidewalls of matrix 
68. If desired, any of the techniques used for preventing a 
layer of light -reflective material from forming on matrix 68 
during the formation of light-reflective coatings 74 in the 
process of Fig. 6 can generally be employed here to prevent a 
layer of either intensity- enhancement material from forming on 
matrix 6 8 or to prevent a layer of the second intensity- 
enhancement material from forming on a layer of the first 
intensity- enhancement material formed on matrix 68. 

[0173] Light-reflective layer 70 is subsequently formed over 
black matrix 68 and second coatings 84 in generally the same way 
that layer 7 0 is formed over matrix 68 and light -reflective 
coatings 74 in the process of Fig. 6. See Fig. 9e. 
Specifically, intermediate layers (not shown) of generally solid 
material which can readily be converted to gas are formed in the 
black-matrix openings so as to just cover, or nearly cover, 
intensity- enhancement coatings 84 and 82 and phosphor particles 
72 in those openings. The intermediate layers can again be 
created by depositing lacquer into the black-matrix openings and 
drying the lacquer. Any of the techniques utilized in the 
process of Fig. 6 to prevent lacquer from accumulating on top of 
matrix 68, or on any material situated on top of matrix 68, can 
be utilized for the same purpose here. 

[0174] With the lacquer deposition complete, light-reflective 
layer 70 is created by depositing the desired light -reflective 
material on the intermediate lacquer layers. The structure is 
heated to convert the intermediate layers into gas which escapes 
through the perforations in layer 70, thereby removing the 
intermediate layers. The structure of Fig. 9e is light-emitting 
device 8 0 of Fig. 7. 

[0175] For the general situation in which part of the outer 
surface of each phosphor particle 72 is covered with m 
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intensity-enhancement coatings of progressively decreasing 
refractive index configured so that each coating is spaced apart 
from where that particle 72 is closest to faceplate 64, the 
process description of Fig. 9 covers the case in which m is 2. 
In cases where m is greater than 2, each ith intensity- 
enhancement coating, where integer i varies from 3 to m, is 
formed on the associated (i-l)th intensity- enhancement coating 
by depositing a suitable ith intensity-enhancement material in 
any of the ways described above for depositing the second 
intensity- enhancement material to form each second intensity- 
enhancement coating 84 on associated first intensity-enhancement 
coating 82 in the process of Fig. 9. Depending on how the 
deposition of the ith intensity-enhancement material is 
performed, pieces of the ith intensity- enhancement material may, 
or may not, accumulate on faceplate 64 in the spaces between 
particles 72 of each light -emissive region 66 or on other 
intensity-enhancement material situated on the upper surface of 
faceplate 64. 

[0176] With i still varying from 3 to m, a layer of the ith 
intensity-enhancement material normally forms on part of the 
layer of the (i-l)th intensity- enhancement material overlying 
the top of black matrix 68 and, at least in the case of angled 
deposition, on part of the layer of (i-l)th intensity- 
enhancement material covering the sidewalls of matrix 68. The 
layer of ith intensity- enhancement material overlying matrix 68 
may be beneficial for the same reasons that the layer of second 
intensity- enhancement material overlying matrix 68 is typically 
beneficial. The formation of the layer of ith intensity- 
enhancement material on matrix 68, or on earlier-deposited 
intensity- enhancement material deposited on matrix 68, can be 
avoided in any of the ways prescribed above for preventing a 
layer of the light-reflective material from forming on matrix 68 
during the formation of light-reflective coatings 74 in the 
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process of Fig. 6. In any event, light -reflective layer 70 is 
formed over matrix 68, including over any intensity-enhancement 
material overlying matrix 68, and over the mth intensity- 
enhancement coatings in the same manner that layer 70 is formed 
over matrix 68, including over any overlying intensity- 
enhancement material, and over second intensity- enhancement 
coatings 84 in the process of Fig. 9. 

[0177] Figs. 10a -10 j (collectively "Fig. 10") depict a process 
in accordance with the invention for manufacturing the 
implementation of light-emitting device 80 in Fig. 8. The 
starting point for the process of Fig. 10 is faceplate 64. See 
Fig. 10a. Faceplate 64 is typically created by furnishing the 
upper surface of a glass plate (not separately shown) with a 
thin transparent layer (likewise not separately shown) of 
dielectric material. 

[0178] Black layer 86 of black matrix 68 is formed on faceplate 
64 as shown in Fig. 10b. The formation of layer 86 is performed 
by first providing, on faceplate 64, a blanket layer of the 
desired hard black material of layer 86. Depending on the 
composition of the blanket hard black layer, it can, for 
example, be formed by a deposition procedure or by a 
deposition/oxidation procedure. Using a suitable photoresist 
mask (not shown) , portions of the blanket hard black layer are 
selectively removed to produce layer 86. 

[0179] The above-mentioned peripheral electrode (not shown) is 
now formed outside the region intended to be the active portion 
of light-emitting device 80. The peripheral electrode can be 
screen printed or deposited through a shadow mask. 
Alternatively, a blanket layer of the peripheral electrode 
material can be deposited over the structure after which the 
peripheral electrode material is removed from the active device 
portion using a suitable mask, such as a photoresist mask. 
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[0180] Upper layer 88 of black matrix 68 is formed on lower 
layer 86 to complete the black-matrix formation. See Fig. 10c. 
The formation of upper layer 88 is conducted by first providing 
a blanket layer of a suitable actinic polymeric material along 
the upper surface of the structure. This typically entails 
depositing the actinic polymeric material and appropriately 
baking it. The polymeric material is selectively exposed to 
suitable actinic radiation, e.g., UV light, after which the 
exposed or unexposed polymeric material is removed depending on 
whether the polymeric material is positive or negative tone. 
The remaining polymeric material is baked and cured to produce 
layer 88. 

[0181] Protective layer 90, when present, is deposited on black 
matrix 68 and into the black-matrix openings as indicated in 
Fig. lOd. A shadow mask is utilized in the peripheral device 
area to prevent the material of layer 90 from accumulating on 
the peripheral electrode. 

[0182] Non- insulating charge -removal layer 96, when present, is 
deposited on top of the structure, i.e., on protective layer 90 
when it is present, using an angled deposition technique, 
typically angled evaporation. See Fig. lOe. Angled sputtering 
or angled thermal spraying can also be utilized to form charge - 
removal layer 96 . The angled deposition is performed at a 
suitable tilt angle to a line extending approximately 
perpendicular to faceplate 64. The tilt angle is sufficiently 
great that layer 96 is formed on top of protective layer 90 and 
extends partway down into the black-matrix openings. A shadow 
mask is employed to prevent the charge -removal material of layer 
96 from accumulating in the peripheral area of the partially 
fabricated light -emitting device. 

[0183] Next, phosphor particles 72 are provided in the black- 
matrix openings, as covered with protective layer 90, to form 
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light -emissive regions 66 as shown in Fig. lOf . The formation 
of regions 66 is conducted as described above for the process of 
Fig. 9. The removal of the cured binder material in the black- 
matrix openings is preferably done by (a) subjecting the binder 
material to a plasma, typically an oxygen- containing plasma, at 
low temperature, typically 150°, and low pressure, typically less 
than 1 torr, (b) heating the structure in a high vacuum, 
typically for 2 hrs . at 400 - 450°C, and (c) repeating the plasma 
step. Organic residues in particles 72 are converted to gas 
during the binder removal and thereby removed from particles 72. 

[0184] First intensity- enhancement coatings 82 are deposited on 
phosphor particles 72 in the manner described above for the 
process of Fig. 9. See Fig. lOg. During the formation of 
coatings 82, layer 98 of the first intensity- enhancement 
material forms on charge -removal layer 96 above black matrix 68. 
Pieces 92 of the first intensity-enhancement material may 
simultaneously accumulate on protective layer 90 above faceplate 
64 in the spaces between particles 72 of each light -emissive 
region 66. The accumulation of pieces 92 of the first 
intensity-enhancement material on protective layer 90 in the 
spaces between particles 72 of each region 66 can be avoided as 
described above . 

[0185] Second intensity -enhancement coatings 84 are deposited on 
first intensity-enhancement coatings 82 in the manner described 
above for the process of Fig. 9. See Fig. lOh. During the 
formation of coatings 84, layer 100 of the second intensity- 
enhancement material is formed on layer 98 of the first 
intensity- enhancement material. Pieces 94 of the second 
intensity-enhancement material may simultaneously accumulate on 
pieces 92 of the first intensity-enhancement material or on 
protective layer 90 above faceplate 64 in the spaces between 
phosphor particles 72 of each light -emissive region 66. The 
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accumulation of pieces 94 of the second intensity-enhancement 
material of such locations can be avoided as described above. 

[0186] Light -reflective layer 70 is formed over second 
intensity- enhancement coatings 84 and over layer 100 of the 
second intensity- enhancement material in the manner described 
above for creating layer 70 over coatings 84 and black matrix 68 
in the process of Fig. 9. See Fig. lOi. Finally, additional 
layer 102 is deposited on light-reflective layer 70 as indicated 
in Fig. 10 j . The deposition of additional layer 102 is 
typically done by sputtering but can be done by evaporation or 
thermal spraying. The structure of Fig. 10 j is the 
implementation of light -emitting device 80 in Fig. 8. 

Intensity-enhancement and Contrast -enhancement Coatings 

[0187] Fig. 11 illustrates side cross section of part of the 
active region of a flat -panel CRT display having electron- 
emitting device 50 , again configured as described above, and an 
oppositely situated light -emitting device 110 configured 
according to the invention for enhancing the image intensity 
or/and the optical contrast of the display. Devices 50 and 110 
connected together through an outer wall (not shown) to form a 
sealed enclosure maintained at a high vacuum, once again 
typically an internal pressure of no more than 10~ 6 torr. As 
viewed along a plane extending laterally through the sealed 
enclosure, the active portion of light -emitting device 110 has a 
plan view largely identical to that of Fig. 5. The display of 
Fig. 11 typically includes spacers, again represented by 
exemplary spacer wall 54 in Fig. 5, situated between devices 50 
and 110, and may have getter material located at various places 
in the display. 



-66- 



CT-F139 US 
715711 V3 

[0188] Light -emitting device 110 contains components 64, 66, 68, 
and 70 configured, constituted, and functioning the same as in 
light -emitting device 80 of Fig. 7. Each light -emissive region 
66 is thereby formed with generally randomly located light - 
emissive phosphor particles 72. Although the thickness of 
regions 66 is, for example, illustrated as being less than a 
monolayer in device 10 of Fig. 11, the thickness of regions 66 
can as well be greater than a monolayer, again typically 1.5 
monolayers and up to 3 monolayers or more. Black matrix 68 is 
again depicted as being thicker than regions 66 but can be 
thinner than regions 66. 

[0189] Part of the outer surface of each of certain phosphor 
particles 72 in light -emitting device 110 is, in accordance with 
the invention, covered with an intensity-enhancement coating 112 
and a contrast -enhancement coating 114. Specifically, each 
intensity-enhancement coating 112 conformally covers part of the 
outer surface of underlying particle 72 so as to be spaced apart 
from where that particle 72 is closest to faceplate 64. Each 
contrast-enhancement coating 114 conformally overlies associated 
intensity- enhancement coating 112 so as to overlie part of the 
outer surface of underlying particle 72 and likewise be spaced 
apart from where that particle 72 is closest to faceplate 64 . 
Contrast -enhancement coatings 114 of each light-emissive region 
66 form a discontinuous contrast -enhancement layer for that 
region 66. 

[0190] Fig. 11 illustrates the situation in which, because the 
thickness of light -emissive regions 66 is illustrated as being 
less than a monolayer, each phosphor particle 72 is a coated 
particle. As was said above about light -emit ting device 80 in 
the example of Fig. 7, some of particles 72 in light -emitting 
device 110 of Fig. 11 may be uncoated when the thickness of 
regions 66 is greater than a monolayer. Likewise, whether there 
are any uncoated particles 72 in device 110 depends on factors 
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such as the thickness of regions 66 in monolayers and how 
intensity- enhancement coatings 112 and contrast -enhancement 
coatings 114 are formed. 

[0191] As explained further below, the optical contrast of the 
image presented on the display's viewing area at the exterior 
surface of faceplate 64 is enhanced as a result of the 
positioning and characteristics of contrast -enhancement coatings 
114. However, coatings 114 do not themselves directly enhance 
the optical contrast. Hence, the term !I contrast -enhancement " 
when used here as an adjective for coatings 114, and for any 
other such "contrast -enhancement" coatings, is intended to 
indicate the function attained with such coatings but is not 
intended to mean that such coatings actually enhance the optical 
contrast . 

[0192] Intensity-enhancement coatings 112 are positioned 
similarly to first intensity-enhancement coatings 82 of light- 
emitting device 80 and, as described further below, provide an 
intensity-enhancement function very similar to that furnished by 
coatings 82 and 84 of device 80. Coatings 112 can partially 
conformally cover various portions of the outer surfaces of 
coated particles 72 depending on how coatings 112 are formed. 
Although intensity-enhancement coatings 112 in light -emitting 
device 110 are shown as largely covering the upper halves of 
phosphor particles 72 in Fig. 11, coatings 112 can extend over 
the lower halves of particles 72 provided that coatings 112 do 
not contact faceplate 64. As with coatings 82, coatings 112, 
can also cover less than the upper halves of particles 72 . 

[0193] Contrast -enhancement coatings 114 are positioned in a 
similar manner to second intensity-enhancement coatings 84 of 
light-emitting device 80 but provide a materially different 
function. In the example of Fig. 11, each contrast -enhancement 
coating 114 covers largely all of associated intensity- 
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enhancement coating 112. Alternatively, each contrast- 
enhancement coating 114 can cover only part of associated 
intensity-enhancement coating 112 . Contrast -enhancement 
coatings 114 can even extend beyond intensity- enhancement 
coatings 112 so as to contact phosphor particles 72 provided 
that contrast -enhancement coatings 114 do not contact faceplate 
64 . 

[0194] Fig. 11 illustrates each contrast -enhancement coating 114 
as being continuous and non-perforated. However, each coating 
114 normally consists of multiple contrast -enhancement portions 
spaced apart from one another. Hence, each coating 114 normally 
covers only part of associated intensity- enhancement coating 
112. 

[0195] Light -reflective layer 70 overlies intensity-enhancement 
coatings 112 and contrast -enhancement coatings 114. Layer 70 
typically contacts some or all of contrast -enhancement coatings 
114. Because each coating 114 normally covers only part of 
associated intensity- enhancement coating 112, layer 70 also 
typically contacts some or all of coatings 112. Coatings 112 
and 114 normally extend sufficiently far down phosphor particles 
72 toward faceplate 64 that layer 70 conforms, on the average, 
to only part of the composite outer surface of each intensity- 
enhancement coating 112 and associated contrast -enhancement 
coating 114. Due to the perforations normally present in layer 
70 or/and how light -emitting device 110 is manufactured, at 
least part of the outer surface of each coating 112 or 114 is 
subjected to the high vacuum in the interior of the display. 

[0196] Depending on how intensity-enhancement coatings 112 are 
formed, pieces (not shown) of the intensity-enhancement material 
may be situated on faceplate 64 in the spaces between phosphor 
particles 72 of each light -emissive region 66. When present, 
these pieces of the intensity-enhancement material are typically 
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not significantly harmful for the reasons presented above in 
connection with the similar pieces of intensity-enhancement 
material that may be present on faceplate 64 in the spaces 
between particles 72 of each region 66 in light -emitting device 
80 . 

[0197] Pieces (not shown) of the contrast -enhancement material 
may sometimes be situated on the upper surface of faceplate 64 
in the spaces between phosphor particles 72 of each light - 
emissive region 66, or on pieces of the intensity-enhancement 
material situated on the upper surface of faceplate 64. The 
presence of such pieces of the contrast -enhancement material at 
these locations may, or may not, be beneficial. If the presence 
of pieces of the contrast -enhancement material at these 
locations would be disadvantageous, the formation of contrast- 
enhancement coatings 114 can, as discussed further below, be 
performed in such a way as to avoid forming pieces of the 
contrast -enhancement material at the preceding locations. 

[0198] A layer (not shown) of the intensity- enhancement material 
may be situated on black matrix 68. A layer (not shown) of the 
contrast -enhancement material may similarly be situated over 
matrix 68, either directly on matrix 68 or, when present, on the 
layer of intensity-enhancement mat erial . The presence of the 
layer of intensity- enhancement material or/and the layer of 
contrast -enhancement material is typically not harmful and can 
sometimes be beneficial. When matrix 68 contains material that 
emits contaminant gases upon being struck by electrons, either 
or both these layers can serve as a shield to reduce the amount 
of these gases that enter the display's interior. The layer of 
contrast -enhancement material can also enhance the light - 
absorption function of underlying matrix 68. 

[0199] The average refractive index n E for intensity- enhancement 
coatings 112 is less than n P but greater than 1 where n P is again 
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the average refractive index for phosphor particles 72 . With 
refractive index n P again being 2.0 -3.0, typically 2.3 - 2.4, 
refractive index n E is normally 1.4 - 1.8, typically 1.5 - 1.6, 
subject to being less than n P . Inasmuch as one or more parts of 
each coating 112 are normally subjected to the high vacuum in 
the interior of the flat-panel display, each particle 72 and 
overlying coating 112 normally form a structure in which the 
average refractive index drops progressively from n P/ typically 
greater than 2, for that particle 72 down to n P for overlying 
coating 112 and then down to approximately 1 in the high vacuum 
along part(s) of the outer surface of overlying coating 112. 

[0200] For the reasons presented above in connection with 
intensity- enhancement coatings 82 and 84 of light -emitting 
device 80 of Fig. 7, more rear-directed light emitted by 
phosphor particles 72 normally escapes particles 72 and 
intensity- enhancement coatings 112 traveling backward, including 
partially sideways, at locations spaced apart from where 
coatings 112 come closest to light-reflective layer 70 than, in 
the absence of coatings 112 (but with contrast -enhancement 
coatings 114 still present and thereby lying directly on 
particles 72) , would escape particles 72 moving backward, again 
including partially sideways, at locations spaced apart from 
where layer 70 would then come closest to particles 72. Part of 
the increased amount of phosphor-emitted rear-directed light 
that escapes particles 72 and coatings 112 impinges on layer 70 
in such a way as to be reflected forward by layer 7 0 to the 
sides of particles 72. A large portion of the so-reflected 
forward- traveling light passes through faceplate 64 directly or 
after one or more intermediate reflections, including 
reflections off particles 72. Compared to what would happen if 
coatings 112 were absent (but with contrast -enhancement coatings 
114 still present) , the forward light intensity and consequent 
image intensity are normally enhanced. 
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[0201] Contrast -enhancement coatings 114 are quite dark, 
preferably largely black, as seen through faceplate 64 from the 
front of the display, i.e., from opposite light -emissive regions 
66. As such, coatings 114 strongly absorb ambient light which 
impinges on the front of the display at the exterior surface of 
faceplate 64, passes through faceplate 64, and then passes 
through phosphor particles 72 and intensity- enhancement coatings 
112 to reach contrast -enhancement coatings 114. By strongly 
absorbing ambient light, coatings 114 improve the optical 
contrast for each light -emissive region 66. That is, the optical 
contrast is improved between times when each region 66 is turned 
on (emitting light) and times when that region 66 is turned off 
(not emitting light) . Accordingly, coatings 114 improve the 
optical contrast between two such regions 66, especially two 
adjacent regions 66, during time periods in which one is turned 
on and the other is turned off. 

[0202] Contrast -enhancement coatings 114 also absorb some of the 
phosphor-emitted rear-directed light which escapes phosphor 
particles 72 and intensity-enhancement coatings 112 and which 
might otherwise be reflected forward to the sides of particles 
72 for improving the forward light intensity. Hence, the 
forward light intensity is not as high as it would be in the 
absence of contrast -enhancement coatings 114. Since coatings 
114 enable the optical contrast of the display's image to be 
improved, the combination of coatings 112 and 114 allows the 
overall visibility of the image to be enhanced as determined by 
a composite of image contrast and image intensity. 

[0203] Intensity-enhancement coatings 112 may consist of various 
electrically insulating, electrically resistive, or/and 
electrically conductive materials which are transparent at the 
thickness of coatings 112. As with intensity-enhancement 
coatings 82 and 84, suitable transparent materials for coatings 
112 include the electrical insulators aluminum oxide, silicon 
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nitride, silicon oxide, magnesium oxide, and yttrium oxide. Two 
or more of these electrical insulators may be employed in 
coatings 112 to achieve a desired value of refractive index n E . 
In a typical implementation, coatings 112 consist of silicon 
oxide for which refractive index n E is 1.4 - 1.5. 

[0204] Contrast -enhancement coatings 114 may consist of various 
electrically insulating, electrically resistive, or/and 
electrically conductive materials which are opaque and very 
dark, preferably black, at the thickness of coatings 114. Dark 
opaque metal oxides and metal nitrides are suitable for coatings 
114. Suitable dark opaque metal oxides include chromium oxide 
and titanium oxide. Taking note of the fact that cermet 
consists of ceramic with embedded metal particles, dark opaque 
cermet is also suitable for coatings 114. 

[0205] The presence of intensity- enhancement coatings 112 and 
contrast -enhancement coatings 114 causes a small loss in the 
energy of electrons which are emitted by regions 58 in electron- 
emitting device 50 and impinge on phosphor particles 72. 
Accordingly, coatings 112 and 114 are typically made as thin as 
feasible. The average thickness of intensity- enhancement 
coatings 112 is 1 - 150 nm, typically 15 nm. The average 
thickness of contrast -enhancement coatings 114 is 1 - 50 nm, 
typically 5 nm. 

[0206] Light-emitting device 110 can be modified in various 
ways. Contrast -enhancement coatings 114 overlying phosphor 
particles 72 in each light-emissive region 66 can be converted 
into a continuous contrast -enhancement layer for that region 66. 
This continuous contrast -enhancement layer may, or may not, be 
perforated, e.g., at locations above the spaces between 
particles 72 of each region 66. The continuous contrast- 
enhancement layer may contact intensity- enhancement coatings 112 
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and particles 72 over less surface area than do separate 
coatings 114. 

[0207] Fig. 12 depicts a side cross section of part of the 
active portion of an implementation of light -emitting device 110 
in accordance with the invention. Except as described below, 
device 110 of Fig. 12 contains components 64, 66, 68, 70, 72, 
112, and 114 configured, constituted, and functioning the same 
as in device 110 of Fig. 11. Hence, the thickness of light- 
emissive regions 66 in device 110 of Fig. 12 is illustrated as 
being less than a monolayer but can be greater than a monolayer. 
Except as described below, device 110 of Fig. 12 also contains 
components 86, 88, 90, 96, and 102 configured, constituted, and 
functioning the same as in the implementation of light -emitting 
device 80 of Fig. 8. In this regard, black matrix 68 in device 
110 of Fig. 12 consists of lower black layer 86 and upper layer 
88 . 

[0208] Pieces 116 of the material that forms intensity- 
enhancement coatings 112 are shown as being situated on 
protective layer 90 at the bottoms of the black-matrix openings 
below the spaces between phosphor particles 72 of each light- 
emissive region 66 in the example of Fig. 12. Depending on how 
intensity-enhancement coatings 112 are created, pieces 116 of 
the intensity- enhancement material may not be present in the 
implementation of light-emitting device 110 in Fig. 12. 

[0209] A layer 118 of the intensity- enhancement material lies on 
charge -removal layer 96. A layer 120 of the contrast- 
enhancement material lies on layer 118 of the intensity- 
enhancement material. Similar to contrast -enhancement coatings 
114, layer 12 0 of the contrast -enhancement material typically 
consists of multiple portions spaced apart from one another. 
Light-reflective layer 70 extends over contrast -enhancement 
coatings 114 and intensity-enhancement coatings 112 as described 



-74- 



CT-F13 9 US 
715711 V3 

above and over layer 120 of the contrast -enhancement material. 
Inasmuch as layer 120 of the contrast -enhancement material does 
not fully cover layer 118 of the intensity-enhancement material, 
layer 70 typically contacts part(s) of layer 118 of the 
intensity- enhancement material , 

[0210] Figs. 13a - 13e (collectively "Fig. 13") depict a general 
process for manufacturing light -emitting device 110 of Fig. 11 
in accordance with the invention starting from the stage of Fig. 
6b. See Fig. 13a which repeats Fig. 6b and thus also Fig. 9b. 
Phosphor particles 72 are introduced into the black-matrix 
openings to form light -emissive regions 66 as depicted in Fig. 
13b. The formation of regions 66 is performed in the way 
described above for the process of Fig. 6 except that, as in the 
process of Fig. 9, the thickness of regions 66 is illustrated as 
being less than a monolayer in the example of Fig. 13b. 

[0211] Intensity- enhancement coatings 112 are formed by 
providing the desired intensity-enhancement material on parts of 
the outer surfaces of phosphor particles 72 at locations spaced 
apart from where particles 72 are closest to faceplate 64. See 
Fig. 13c. The formation of coatings 112 is performed according 
to any of the techniques utilized for creating first intensity- 
enhancement coatings 82 in the process of Fig. 9. 

[0212] Pieces (not shown) of the intensity- enhancement material 
may accumulate on faceplate 64 in the spaces between phosphor 
particles 72 of each light -emissive region 66 during the 
formation of intensity- enhancement coatings 112. Any of the 
measures utilized for preventing pieces of the light-reflective 
material from accumulating on faceplate 64 in the spaces between 
particles 72 of each region 66 in the process of Fig. 6 can, if 
desired, be employed here to prevent pieces of the intensity- 
enhancement material from similarly accumulating on faceplate 
64. When angled deposition, normally angled evaporation but 
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alternatively angled sputtering or angled thermal spraying, is 
employed to form coatings 112, tilt angle a, usually 5 - 45° , 
typically 15 - 20°, is sufficiently large that particles 72 act 
as shields to substantially prevent any of the intensity- 
enhancement material from accumulating on faceplate 64 in the 
spaces between particles 72 of each region 66. 

[0213] During the formation of intensity-enhancement coatings 
112, a layer (not shown) of the intensity-enhancement material 
normally forms on top of black matrix 68 and, at least in the 
case of angled deposition, on the sidewalls of matrix 68. If 
desired, any of the techniques utilized for preventing a layer 
of the light-reflective material from accumulating on matrix 68 
during the formation of light -reflecting coatings 74 in the 
process of Fig. 6 can generally be employed here to prevent a 
l a y er Q f the intensity-enhancement material from forming on 
matrix 68. 

[0214] Contrast -enhancement coatings 114 are subsequently formed 
by providing the desired contrast -enhancement material on 
intensity-enhancement coatings 112 so that contrast -enhancement 
coatings 114 are spaced apart from where phosphor particles 72 
are closest to faceplate 64. See Fig. 13c. Subject to any 
differences that may arise because the material of light- 
reflective coatings 74 in light-emitting device 52 differs from 
the contrast -enhancement material, coatings 114 are typically 
formed in a high-vacuum environment according to any of the 
techniques utilized for creating coatings 74 in the process of 
Fig. 6. 

[0215] Contrast -enhancement coatings 114 may, if desired, be 
created in such a way that substantially none of the contrast - 
enhancement material accumulates on faceplate 64 in the spaces 
between phosphor particles 72 of each light -emissive region 66 
or on pieces of the intensity- enhancement material situated on 
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the upper surface of faceplate 64. Any of the measures utilized 
for preventing the light -reflective material of coatings 74 from 
accumulating on the upper surface of faceplate 64 in the process 
of Fig. 6 can be utilized here to prevent pieces of the 
contrast -enhancement material from accumulating over faceplate 
64 in the spaces between particles 72 of each region 66. 

[0216] Angled deposition, normally angled sputtering but 
alternatively angled evaporation or angled thermal spraying, can 
be utilized to create contrast -enhancement coatings 114. The 
angle deposition is performed at tilt angle a to a line, 
represented by line P in Fig. 13d, extending generally 
perpendicular to faceplate 64. Tilt angle a, normally 5 - 45°, 
typically 15 - 20°, is sufficiently large that phosphor particles 
72 and any overlying material serve as shields to substantially 
prevent any of the contrast -enhancement material from 
accumulating on the upper surface of faceplate 64 or on pieces 
of the intensity- enhancement material formed on faceplate 64. 

[0217] During the formation of contrast -enhancement coatings 
114, a layer (not shown) of the contrast -enhancement material 
normally forms on the layer of intensity-enhancement material 
overlying black-matrix 68. The layer of contrast -enhancement 
material forms on the portions of the layer of intensity- 
enhancement material situated on top of matrix 68 and, at least 
in the case of angled deposition, on the portions of the layer 
of contrast -enhancement material covering the sidewalls of 
matrix 68. Any of the techniques employed for preventing a 
layer of the light -reflective material from accumulating on 
matrix 68 during the formation of light-reflective coatings 74 
in the process of Fig. 6 can, if desired, be employed here to 
prevent a layer of the contrast -enhancement material from 
forming on matrix 68 or on a layer of the intensity- enhancement 
material formed on matrix 68. 
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[0218] Light -reflective layer 70 is formed over black matrix 68 
and contrast -enhancement coatings 114 in generally the same way 
that layer 70 is formed over matrix 68 and light-reflective 
coatings 74 in the process of Fig. 6. See Fig. 13d. In 
particular, intermediate layers (not shown) of generally solid 
material, typically dried lacquer, which can readily be 
converted to gas are formed in the black-matrix openings so as 
to just cover, or nearly cover, coatings 114 and 112 and 
phosphor particles 72 in those openings. Any of the techniques 
used in the process of Fig. 6 to prevent lacquer from 
accumulating on top of matrix 68 , or on any material on top of 
matrix 68, can be utilized for the same purpose here. After 
depositing layer 70, the structure is heating to remove the 
intermediate layers by converting them to gases which escape 
through the perforations in layer 70. The structure of Fig. 13d 
is light -emitting device 110 of Fig. 11. 

[0219] Figs. 14a - 14e (collectively "Fig. 14") illustrate a 
process in accordance with the invention for manufacturing an 
implementation of light-emitting device 110 of Fig. 12 starting 
from the stage of Fig. lOf . See Fig. 14a which repeats Fig. 
lOf . 

[0220] Intensity- enhancement coatings 112 are deposited on 
phosphor particles 72 in the manner described above for the 
process of Fig. 13. See Fig. 14b. During the formation of 
coatings 112, layer 118 of the intensity-enhancement material 
forms on charge -removal layer 96 above matrix 68. Pieces 116 of 
the intensity- enhancement material simultaneously accumulate on 
protective layer 90 above faceplate 64 in the spaces between 
particles 72 of each light -emissive region 66. The accumulation 
of pieces 116 of the intensity-enhancement material on 
protective layer 90 at the preceding locations can be avoided in 
the manner described above. 
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[0221] Contrast -enhancement coatings 114 are deposited on 
intensity-enhancement coatings 112 in the manner described above 
for the process of Fig. 13. See Fig. 14c. During the formation 
of contrast -enhancement coatings 114, layer 120 of the contrast- 
enhancement material forms on layer 118 of the intensity- 
enhancement material. Pieces (not shown) of the contrast- 
enhancement material may simultaneously accumulate on pieces 116 
of the intensity-enhancement material or, if pieces 116 are 
absent, on protective layer 90 above faceplate 64 in the spaces 
between phosphor particles 72 of each light -emissive region 66. 
The accumulation of pieces of the contrast -enhancement material 
at these locations can be avoided in the manner described above. 

[0222] Light-reflective layer 70 is formed over contrast- 
enhancement coatings 114 and layer 120 of the contrast - 
enhancement material in the way described above for creating 
layer 70 over coatings 114 and black matrix 68 in the process of 
Fig. 13. See Fig. 14d. Finally, additional layer 102 is 
deposited on light-reflective layer 70 in the same way as in the 
process of Fig. 10. The resultant structure of Fig. 14e is the 
implementation of light-emitting device 110 in Fig. 12. 

[0223] Fig. 15 illustrates a side cross section of part of the 
active portion of a light-emitting device 128 configured 
according to the invention for enhancing image intensity or/and 
optical contrast. Light-emitting device 128 is basically an 
extension of light-emitting device 110 of Fig. 11 and thus is 
substitutable for device 110 in the flat -panel CRT display of 
Fig. 7. Except as described below, device 128 contains 
components 64, 66, 68, 70, 72, and 114 constituted, configured, 
and functioning the same as in device 110 of Fig. 7. 
Accordingly, each contrast -enhancement coating 114 normally 
consists of multiple portions spaced apart from each other. 
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[0224] In place of intensity- enhancement coatings 112, light- 
emitting device 12 8 contains first intensity- enhancement 
coatings 82 and second intensity-enhancement coatings 84 
configured and constituted the same as in light -emitting device 
80 of Fig. 7. Hence, each pair of associated intensity- 
enhancement coatings 82 and 84 covers part of the outer surface 
of one phosphor particle 72. Contrast -enhancement coatings 114 
are respectively situated on second intensity- enhancement 
coatings 84 here in the same way that coatings 114 are situated 
on intensity- enhancement coatings 112 in light -emitting device 
110 of Fig. 11. Accordingly, each contrast -enhancement coating 
114 covers only part of associated second intensity-enhancement 
coating 84. The average refractive index thereby progressively 
decreases in going from each particle 74 through overlying 
intensity-enhancement coatings 82 and 84 to the high vacuum 
along part (s) of the outer surface of that second intensity- 
enhancement coating 84 . 

[0225] For the reasons presented above in connection with 
intensity- enhancement coatings 82 and 84 of light -emit ting 
device 80 of Fig. 7 , more rear-directed light emitted by 
phosphor particles 72 normally escapes particles 72 and coatings 
82 and 84 travelling backward, including partially sideways, at 
locations spaced apart from where second coatings 84 come 
closest to light-reflective layer 70 than, in the absence of 
coatings 82 and 84 (but with contrast -enhancement coatings 114 
still present and thereby lying directly on particles 72) , would 
escape particles 72 moving backward, again including partially 
sideways, at locations spaced apart from where particles 72 
would then come closest to layer 70 . Part of the increased 
amount of phosphor -emit ted light that escapes particles 72 and 
coatings 82 and 84 impinges on layer 70 in such a way as to be 
reflected forward to the sides of particles 72 in light -emit ting 
device 128. Accordingly, the forward light intensity and image 
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intensity are enhanced in device 12 8. The enhancement can be 
greater in device 128 than in device 110 in Fig. 11 because more 
intensity-enhancement coatings overlie each particle 72 in 
device 12 8 than in device 110 of Fig. 11. 

[0226] Similar to what occurs in light-emitting device 110 of 
Fig. 11, contrast -enhancement coatings 114 in device 12 8 absorb 
some of the phosphor-emitted rear-directed light which escapes 
phosphor particles 72 and intensity- enhancement coatings 82 and 
84 and which might otherwise be reflected forward to improve the 
forward light intensity. The forward light intensity is again 
not as high as it would be if contrast -enhancement coatings 114 
were absent. Nonetheless, the overall visibility of the image 
is enhanced because coatings 114 enable the optical contrast to 
be improved . 

[0227] Light -emitting device 128 can be modified in various 
ways, as in light-emitting device 110, contrast -enhancement 
coatings 114 overlying phosphor particles 72 in each light- 
emissive region 66 can be converted into a continuous contrast- 
enhancement layer which may, or may not, be perforated at 
locations above the spaces between particles 72 of each region 
66. Each particle 72 can be partially covered with more than 
two intensity-enhancement coatings such that the average 
refractive index progressively decreases in moving away from 
that particle 72. In general, part of the outer surface of each 
particle 72 can be covered with m intensity- enhancement coatings 
having the properties, including progressively decreasing 
average refractive index, described above for the corresponding 
modification of light-emitting device 80 in Fig. 7. With the 
example of Fig. 15 representing the case in which m is 2, the 
situation of more than two intensity-enhancement coatings is 
implemented when m is greater than 2 . 
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[0228] Fig. 16 illustrates a side cross section of part of the 
active portion of an implementation of light-emitting device 128 
in accordance with the invention. Except as described below, 
device 128 of Fig. 16 contains components 64, 66, 68, 70, 72, 
82, 84, and 114 configured, constituted, and functioning the 
same as in device 128 in Fig. 15. Except as described below, 
device 128 of Fig. 16 also contains components 86, 88, 90, 92, 
94, 96, 98, 100, and 102 configured, constituted, and 
functioning the same as in light-emitting device 80 of Fig. 8. 
Depending on how intensity- enhancement coatings 82 and 84 are 
created, pieces 92 of the first intensity- enhancement material 
and pieces 94 of the second intensity- enhancement material may 
not be present in device 128 of Fig. 16. 

[0229] Light -emitting device 128 of Fig. 16 differs from light- 
emitting device 110 of Fig. 12 in the same way that device 128 
of Fig. 15 differs from device 110 of Fig. 11, namely that 
intensity- enhancement coatings 82 and 84 in device 128 of Fig. 
16 replace intensity-enhancement coatings 112 in device 110 of 
Fig. 12. Accordingly, layer 118 of the intensity-enhancement 
material in device 110 of Fig. 12 is replaced in device 128 of 
Fig. 16 with layer 98 of the first intensity-enhancement 
material and overlying layer 100 of the second intensity- 
enhancement material. With layer 98 of the first intensity- 
enhancement material again lying on charge -removal layer 96, 
layer 120 of the contrast -enhancement material lies on layer 100 
of the second intensity- enhancement material. 

[0230] Light -emitting device 128 of Fig. 15 is manufactured, in 
accordance with the invention, according to the general process 
of Fig. 13 except that intensity- enhancement coatings 82 and 84 
replace intensity- enhancement coatings 112. Coatings 82 and 84 
of device 128 are formed according to the process of Fig. 9. 
Device 12 8 of Fig. 16 is similarly manufactured, in accordance 
with the invention, according to the process of Fig. 14, except 
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that intensity-enhancement coatings 82 and 84 replace intensity- 
enhancement coatings 112, layers 98 and 100 of the first and 
second intensity-enhancement materials replace layer 118 of the 
intensity-enhancement material, and pieces 92 and 94 of the 
first and second intensity-enhancement materials replace pieces 
116 of the intensity- enhancement material. Layers 98 and 100 of 
the intensity- enhancement materials and, when present, pieces 92 
and 94 of the intensity-enhancement materials are formed 
according to the process of Fig. 10 during the formation of 
coatings 82 and 84. 



Intensity-enhancement and Light -reflective Coatings 

[0231] Fig. 17 depicts a side cross section of part of the 
active portion of a light -emitting device 13 0 configured 
according to the invention for providing enhanced image 
intensity. Device 130 is part of a flat-panel CRT display that 
includes an oppositely situated electron-emitting device, 
typically electron-emitting device 50, connected to light- 
emitting device 13 0 through an outer wall (not shown) to form a 
sealed enclosure maintained at a high vacuum, once again 
typically an internal pressure of no more than 10" 6 torr. 
Spacers, as exemplified by spacer wall 54 in Fig. 5, are 
typically situated between devices 50 and 130. The active 
portion of device 13 0 has a plan view largely identical to that 
of Fig. 5. 

[0232] Light-emitting device 13 0 contains components 64, 66, 68, 
and 70 configured, constituted, and functioning the same as in 
light -emitting device 110 of Fig. 11. The thickness of light- 
emissive regions 66 is, for simplicity, again illustrated as 
being less than a monolayer in device 110 of Fig. 17. 
Nonetheless, as in light -emitting device 52 of Figs. 4 and 5, 
the thickness of regions 66 can be greater than a monolayer in 
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device 130 of Fig. 17. Black matrix 68, although depicted as 
being thicker than regions 66, can be thinner than regions 66. 

[0233] Part of the outer surface of each of certain phosphor 
particles 72 in light -emitting device 130 is, in accordance with 
the invention, covered with an intensity- enhancement coating 112 
and a light-reflective coating 74. Intensity-enhancement 
coatings 112 are positioned over particles 72 in device 13 0 in 
the same way as in light-emitting device 110 of Fig. 11. 
Accordingly, each coating 112 here conformally covers part of 
the outer surface of underlying particle 72 in such a way as to 
be spaced apart from where that particle 72 is closest to 
faceplate 64. Each light-reflective coating 74 conformally 
overlies associated intensity-enhancement coating 112 so as to 
overlie part of the outer surface of underlying particle 72 and 
likewise be spaced apart from where that particle 72 is closest 
to faceplate 64. 

[0234] Depending on how intensity-enhancement coatings 112 are 
formed in light -emitting device 13 0, pieces (not shown) of the 
intensity- enhancement material may be situated on faceplate 64 
in the spaces between phosphor particles 72 of each light- 
emissive region 66. When present in device 130, these pieces of 
the intensity- enhancement material are typically not 
significantly harmful, and may be beneficial, for the reasons 
presented above in connection with the similar pieces of 
intensity-enhancement material that may be present on the upper 
surface of faceplate 64 in light-emitting device 80. 

[0235] A layer (not shown) of the intensity-enhancement material 
may be situated on black matrix 68 in light -emitting device 130. 
A layer (not shown) of the light-reflective material that forms 
coatings 74 may similarly be situated over matrix 68, either 
directly on matrix 68 or, when present, on the layer of 
intensity- enhancement material. The presence of the layer of 
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intensity-enhancement material or/and this additional layer of 
light-reflective material is typically not harmful and can be 
beneficial. Should matrix 68 emit contaminant gases upon being 
struck by electrons, either or both of these layers can act as a 
shield to reduce the amount of these gases that enter that 
display's interior. If the additional light-reflective layer 
consists of metal, the additional light-reflective layer can 
assist in removing electronic charge from phosphor particles 72 
when they are struck by electrons. The additional light- 
reflective layer may also cooperate with light-reflective layer 
70 in functioning as the display's anode. 

[0236] Light-reflective layer 70 overlies light-reflective 
coatings 74 and intensity-enhancement coatings 112. As in 
light -emitting device 52 of Figs. 4 and 5, layer 70 typically 
contacts some or all of light-reflective coatings 74 here. 
Coatings 74 normally extend sufficiently far down phosphor 
particles 72 toward faceplate 64 that layer 70 conforms, on the 
average, to only part of the outer surface of each coating 74. 
Due to the perforations normally present in layer 70 or/and how 
light -emitting device 130 is manufactured, at least part of the 
outer surface of each coating 74 is subjected to the high vacuum 
in the interior of the display. 

[0237] Aside from conformally contacting intensity-enhancement 
coatings 112 instead of phosphor particles 72, light-reflective 
coatings 74 have the same basic properties here as in light - 
emitting device 52 of Figs. 4 and 5. Although shown as 
continuous and non-perforated in Fig. 17, coatings 74 are 
normally perforated. Each coating 74 may be divided into 
multiple portions spaced apart from one another. In short, each 
coating 74 normally covers only part of associated intensity- 
enhancement coating 112. Hence, part of the outer surface of 
each intensity-enhancement coating 112 is normally subjected to 
the high vacuum in the display's interior. 
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[0238] Intensity- enhancement coatings 112 have the same 
characteristics, including light -refractive properties here as 
in light -emitting device 80 of Fig. 7. Since one or more parts 
of the outer surface of each coating 112 are normally subjected 
to the high vacuum in the display's interior, each phosphor 
particle 72 and overlying coating 112 normally form a structure 
in which the average refractive index progressively decreases in 
going from that particle 72 through overlying coating 112 to the 
high vacuum along at least part of that coating 112. 

[0239] Similar to what occurs in light-emitting device 110 of 
Fig. 11, more rear-directed light emitted by phosphor particles 
72 in light-emitting device 130 normally escapes particles 72 
and intensity-enhancement coatings 112 traveling backward, 
including partially sideways, at locations spaced apart from 
where coatings 112 come closest to light-reflective layer 70 
than, in the absence of coatings 112 (but with light -reflective 
coatings 74 still present and thereby lying directly on 
particles 72) would escape particles 72 moving backward, again 
including partially sideways, at locations spaced apart from 
where particles 72 would then come closest to layer 70. Part of 
the increased amount of phosphor-emitted rear-directed light 
escaping particles 72 and coatings 112 impinges on layer 70 in 
such a way as to be reflected forward to the side of particles 
72. The forward light intensity can thus be enhanced. 

[0240] Part of the phosphor- emitted rear-directed light passes 
though intensity- enhancement coatings 112, is reflected off 
light -reflective coatings 74, passes through phosphor particles 
72, and then passes through faceplate 64. This can further 
increases the light intensity in the forward direction. 
Coatings 74 and 112 can thereby produce an increase in the 
display's image intensity. Accordingly, the combination of 
coatings 74 and 112 and layer 7 0 can provide greater forward 
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light intensity and image intensity than would occur solely with 
layer 70 or solely with coatings 74 and 112. 

[0241] As in light -emit ting device 52, light -reflective coatings 
74 function as getters when they consist of one or more of the 
metals magnesium, titanium, vanadium, chromium, manganese, iron, 
cobalt, nickel, copper, zirconium, niobium, molybdenum, 
palladium, silver, barium, tantalum, tungsten, platinum, lead, 
and thorium, or an alloy of one or more of these metals. 
Likewise, coatings 74 in light -emit ting device 130 may 
alternatively or additionally be formed with oxide of one or 
more of the metals magnesium, chromium, manganese, cobalt, 
nickel, and lead. Coatings 74 can then sorb contaminant gases, 
especially sulfur-containing gases, released by phosphor 
particles 72 before those gases escape the immediate vicinity of 
particles 72 and cause damage elsewhere. Since light-reflective 
layer 70 is perforated, coatings 74 can also sorb contaminant 
gases that originate in the display 1 s interior and pass through 
layer 70. In one embodiment of device 130, coatings 74 consist 
substantially of palladium or/and chromium* 

[0242] Light -emitting device 13 0 can be modified in various 
ways. Each intensity- enhancement coatings 112 can be replaced 
with two or more intensity-enhancement coatings of progressively 
decreasing average refractive index in moving away from 
underlying phosphor particle 72. In general, part of the outer 
surface of each particle 72 can be covered with m intensity- 
enhancement coatings having the properties, including 
progressively decreasing average refractive index, described 
above for the modifications of light -emitting devices 80 and 
110. Light-reflective coatings 74 are situated on the mth 
intensity-enhancement coatings . 

[0243] Fig. 18 depicts a side cross section of part of the 
active portion of an implementation of light -emitting device 130 
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in accordance with the invention. Except as described below, 
light -emit ting device 130 of Fig. 18 contains components 64, 66, 
68, 70, 72, 74, and 112 configured, constituted, and functioning 
the same as in device 130 of Fig. 17. Except as described 
below, device 130 of Fig. 18 also contains components 86, 88, 
90, 96, 102, 116, and 118 configured, constituted, and 
functioning the same as in light-emitting device 110 of Fig. 12. 
Depending on how intensity-enhancement coatings 112 are created, 
pieces 116 of the intensity-enhancement material may not be 
present in device 13 0 of Fig. 18. 

[0244] In light -emitting device 130 of Fig. 18, a layer 132 of 
the light -reflective material that forms light -reflective 
coatings 74 lies on layer 118 of the intensity-enhancement 
material. Light-reflective layer 70, which extends over 
coatings 74, also extends over layer 132 of light-reflective 
material . 

[0245] Light-emitting device 130 of Fig. 17 is manufactured, in 
accordance with the invention, according to the general process 
of Fig. 13 except that light-reflective coatings 74 replace 
contrast -enhancement coatings 114. Light-reflective coatings 74 
in device 130 of Fig. 17 are formed according to the process of 
Fig. 6. Device 13 0 of Fig. 18 is manufactured, in accordance 
with the invention, according to the process of Fig. 14 except 
that light-reflective coatings 74 replace contrast -enhancement 
coatings 114, and layer 132 of light-reflective material 
replaces layer 120 of the contrast -enhancement material. Layer 
132 of light-reflective material is formed on layer 118 of the 
intensity-enhancement material during the deposition of the 
light-reflective material of coatings 74. 
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Global Considerations and Further Variations 

[0246] Coatings 74, 82, 84, 112, and 114 which variously overlie 
phosphor particles 72 in the flat -panel CRT displays containing 
light -emit ting devices 52, 80, 110, 128, and 130 are located 
between electron emitting device 50 and particles 72 of each 
light -emit ting device 52, 80, 110, 128, or 130. The vast 
majority of the electrons emitted by regions 58 of device 50 
strike coatings 74, 82, 84, 112, and 114 in these displays 
before reaching particles 72. Coatings 74, 82, 84, 112, and 114 
do not become significantly volatile (gaseous) when struck by 
electrons emitted by device 50. Consequently, little 
contamination of the displays occurs due to electrons directly 
striking coatings 74, 82, 84, 112, and 114. 

[0247] As electrons emitted by regions 58 of electron-emitting 
device 50 move toward phosphor particles 72, particle coatings 
74, 82, 84, 112, or/and 114 serve as shields for particles 72. 
These shields reduce the amount of erosion that particles 72 
would undergo in the absence of coatings 74, 82, 84, 112, and 
114. Also, the shields partially encapsulate particles 72. 
Importantly, the partial encapsulation furnished by coatings 74, 
82, 84, 112, or/and 114 occurs at locations where particles 72 
are most likely to produce gases when struck by electrons 
emitted by device 50. Consequently, the coating shields 
significantly inhibit gases produced by particles 72, especially 
gases produced when high-energy electrons strike particles 72, 
from leaving the immediate vicinities of particles 72. As 
mentioned above, coatings 74 may function as getters for sorbing 
contaminant gases, especially sulfur-containing contaminant 
gases. Accordingly, coatings 74, 82, 84, 112, and 114 
substantially reduce the amount of damage caused by contaminant 
gases produced by particles 72. The net result is a substantial 
improvement in display performance and lifetime. 
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[0248] Subject to fabricating light -emitting devices 52, 80, 
110, 128, and 13 0 in the manner described above, each of the 
flat -panel CRT displays of the invention is manufactured 
generally in the following way. Electron-emitting device 50 is 
fabricated separately from light -emitting device 52, 80, 110, 
128, or 130. Internal supports, such as spacer walls, are 
mounted on electron-emitting device 50 or on light -emit ting 
device 52, 80, 110, 128, or 13 0. Electron-emitting device 50 is 
subsequently sealed to light -emitting device 52, 80, 110, 128, 
or 13 0 through the above-mentioned outer wall in such a way that 
the assembled, sealed display is at a very low internal 
pressure, typically no more than 10~ 6 torr. 

[0249] Directional terms such as "lateral", "vertical", "above", 
and "below" have been employed in describing the present 
invention to establish a frame of reference by which the reader 
can more easily understand how the various parts of the 
invention fit together. In actual practice, the components of a 
flat-panel CRT display may be situated at orientations different 
from that implied by the directional terms used here. Inasmuch 
as directional terms are used for convenience to facilitate the 
description, the invention encompasses implementations in which 
the orientations differ from those strictly covered by the 
directional terms employed here. Similarly, the terms "row" and 
"column" are arbitrary relative to each other and can be 
reversed. 

[0250] While the invention has been described with reference to 
particular embodiments, this description is solely for the 
purpose of illustration and is not to be construed as limiting 
the scope of the invention claimed below. Light -emitting device 
52 of Figs. 4 and 5 can be implemented as generally shown for 
light -emitting device 130 of Fig. 18 subject to deleting 
intensity- enhancement coatings 112 and layer 116 of the 
intensity- enhancement material in Fig. 18. Once again, the 
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thickness of light -emissive regions 66 in such an implementation 
of device 52 can be greater than, or less than, a monolayer. 

[0251] Intensity- enhancement coatings 112 can be deleted in 
light -emitting device 110 of Fig. 11, including the 
implementation of Fig. 12, so that contrast -enhancement coatings 
114 lie directly on phosphor particles 72. Layer 118 of the 
intensity-enhancement material would then be deleted from device 
110 of Fig. 12. Each coating 114 in such a variation of device 
110 of Fig. 11 or 12 again typically consists of multiple 
portions spaced apart from one another. 

[0252] When the thickness of each light-emissive region 66 is 
greater than a monolayer, e.g., from 1.5 monolayers up to 3 
monolayers or more, contrast -enhancement coating 114 can 
sometimes be deleted in light-emitting device 110 of Fig. 11. 
Light-reflective layer 70 then lies directly on intensity- 
enhancement coatings 112. In the implementation of device 110 
in Fig. 12, layer 120 of the contrast -enhancement material is 
also deleted along with any pieces of the contrast -enhancement 
material situated on pieces 116 of the intensity-enhancement 
material or, if pieces 116 are absent, situated on protective 
layer 90 in the spaces between phosphor particles 72 of each 
region 66. The fabrication of such a variation of device 110 is 
performed in the manner described above except that the 
deposition of the contrast -enhancement material is deleted from 
the fabrication process. Device 110 can also sometimes be 
modified to delete contrast -enhancement coatings 114 when the 
thickness of each region 66 is significantly less than a 
monolayer. 

[0253] Field emission includes the phenomenon generally termed 
surface conduction emission. Various modifications and 
applications may thus be made by those skilled in the art 
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without departing from the true scope and spirit of the 
invention as defined in the appended claims. 
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